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EXECUTIVE SUMMARY 


In late 1979 or early 1980 the first 300 megawatt unit of the Poplar 
River coal-fired power plants is scheduled to start operation, The plants 
are being built near Coronach, Saskatchewan about four miles from the U.S,- 
Canada border. Concern over possible damage to crops and health of the 
people of northeastern Montana caused the Air Quality Bureau of the Montana 
Department of Health and Environmental Sciences to initiate background air 
quality studies near the town of Scobey, Montana. The studies, initiated in 
March, 1977, were funded primarily through a special appropriation of the 
U.S. Congress. 

This report is third in a series summarizing the air quality, meteorology, 
and visibility data collected in the study area from March, 1977 through 
March, 1979. 


Table 


Table 


Table 


Table 
Table 
Table 


Table 


Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 


Table 


10 - 
1] - 


=} 
DO 
i} 


14 - 


EIST OF {ABLES 


List of Instruments Used in the Poplar River . 


Study 


Poplar River Area Suspended Particulate Meare 
Concentration Statistical Analysis 1977-1978 


Poplar River Area Suspended Particulate 
Concentration Frequency Distribution 1977-1978 .. . 


Monthly Total Precipitation, Scobey, Montana 


Poplar River Area 


Poplar River Area 
TOPT ENO TS a eis 


Poplar River Area 
1977-1978 


Poplar River Area 


Poplar River Area 


Particle Size Data 


Sulfur Dioxide Concentrations 


Nitrogen Dioxide Concenrations 


Suspended Sulfate Data 


Sulfate Sizing Data 


oi 0) a NO) 718, en Le 


Poplar River Area Suspended Nitrate Data. 


Poplar River Area Nitrate Sizing Data 


Holzworth Lapse Rate Categories (Modified) . 


Scobey, Montana Means and Extremes. . 


Average Monthly Mixing Heights . 


15 -Inversion Frequency Table - Morning Soundings. . 


16 -Inversion Frequency Table - Afternoon Soundings . . 


17 - Most Common First Inversion Base Height and 
Thickness by Time and Month, from Acoustic 


Radar 


ij 


Page 


15 
17 


43 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


18 


20 


21 


22 


23 


24 


29 


30 


3] 


32 


- Most Common Second Inversion Base Height and 
Thickness by Time and Month, from Acoustic 
Radar 


- Percent Frequency of Occurrence of Periods with 
Inversion(s) Present 


-Percent Frequency of Occurrence of Stability 
Classifications 0000-2400 MST 


- Percent Frequency of Occurrence of Stability 
Classifications 0000-0600 MST 


- Percent Frequency of Occurrence of Stability 
ClassihicationsvOC00=1Z200 MST ke ee ay Ne 


-Percent Frequency of Occurrence of Stability 
Classifications 1200-1800 MST 


- Percent Frequency of Occurrence of Stability 
Classifications 1800-2400 MST ; 


- Poplar River Atmospheric Turbidity Data 
(Volz Base e) Daily Trends . pce 


= Poplar River Atmospheric ie Data 
(Volz Base e) Daily Trends . Seren 


- Poplar River Atmospheric tee Data 
(Volz Base e) Daily Trends. . . By dese. Te Indie 


- Poplar River Area Summary of Solar Radiation - 
1977 - Wavelength 300 to 2800 nm. 


- Poplar River Area Summary of Solar Radiation - 
1978 - Wavelength 300 to 2800 nm 


- Poplar River Area Summary of Solar Radiation - 
1979 - Wavelength 300 to 2800 nm 


- Poplar River Area Summary of Solar Radiation - 
1978 Wavelength 309 to 700 nm 


- Poplar River Area Summary of Solar Radiation - 
1979 - Wavelength 300 to 700 nm 


iii 


Page 


Ae 


45 


46 


47 


48 


49 


50 


59 


60 


6] 


1h 


72 


13 


74 


75 


Page 


Table 33 - Poplar River Area Summary of Solar Radiation 
1978 ~ Wavelength: 700° to::2800 nim es ee es eG 


Table 34 - Poplar River Area Summary of Solar Radiation 
1979 - Wavelength: /00tG.12600) mimics uel esis re le le 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


— 


Poplar 


Poplar 
Scobey 


Poplar 
Scobey 


Poplar 
Scobey 


Poplar 


Poplar 
Scobey 


Poplar 
Scobey 


Poplar 
Monthly 


Poplar 
Monthly 


Poplar 
Versus 


Poplar 
Versus 


Poplar 
Versus 


Poplar 
Versus 


Poplar 
Versus 


Poplar 
Versus 


LIST: OF FIGURES 


River Area Map . 


River Area Monthly Average Particulate Data 
Border Station 


River Area Monthly Average Particulate Data 
Richardson Site 


River Area Monthly Average Particulate Data 
Engberg Site 


River Area Monthly Precipitation , 


River Area Particle Size Data, 
Border Station 


River Area Suspended Sulfate Data, 
Border Site 


River Area Atmospheric Turbidity Trend , 
1200 MST Average 


River Area Atmospheric Turbidity Trend , 
1200 MST Average 


River Area Monthly Average Turbidity 
Time of Day, April 1978 


River Area Monthly Average Turbidity 
Time of Day, May 1978 


River Area Monthly Average Turbidity 
Time of Day, June 1978 


River Area Monthly Average Turbidity 
Time of Day, July 1978 


River Area Monthly Average Turbidity 
Time of Day, August 1978 


River Area Monthly Average Turbidity 
Time of Day, September 1978 


Page 
2 


2 


13 


14 


a6 
Bea re: 


il 


nb 6/2 


HO3 


. 64 


oO5 


166 


67 


Weis) 


HOG 


Figure 


Figure 


Figure 


Figure 


Figure. 


Figure 


Figure 


Figure 


Figure 


20 


2] 


22 


23 


24 


Poplar River Area Monthly Average Turbidity. 
Versus Time of Day, October 1978 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, August 1978 


Poplar River Area Monthly Average Extinction . 
Coefficient Versus Time of Day, September 1978 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, October 1978 


Poplar River Area Monthly Average Extinction , 


Coefficient Versus Time of Day, November 1978 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, December 1978 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, January 1979 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, February 1979 


Poplar River Area Monthly Average Extinction . 


Coefficient Versus Time of Day, March 1979 


vi 


. 48 


ee bs) 


. 80 


pve 


5) 82 


283 


. 84 


¢ (85 


I, INTRODUCTION 


The Poplar River area of northeastern Montana has been the subject of 
detailed air quality studies since March, 1977, The studies are being con- 
ducted to establish a background air quality and visibility and to measure 
the surface and upper air meteorology to allow prediction of the ambient air 
pollution levels that will result from the construction and operation of the 
Poplar River power plants. The power plants are being constructed about five 
miles north of the U.S. - Canada border near Coronach, Saskatchewan (Figure 1). 
The first 300 megawatt unit is expected to be ready for testing in December 
1979 and to be in full operation by April 1980. Announcement of the decision 
whether to construct a second 300 megawatt unit is expected before autumn 1979. 

This report investigates the air quality studies of the first two years. 
The studies have been made possible through a sepcial appropriation of the 
U.S. Congress. This report is the third in a series concerning the Poplar 
River air quality. The first report (Gelhaus, 1978) summarized the first year 
of air quality data collection. The second report (Gelhaus, ed., 1979a) 
discussed the various power plant effects on the area air quality, health, and 
vegetation. A final report summarizing all background air quality studies up 
to the point of the power plant testing will be published in early 1980. 

The various instruments used in the study and the analysis procedures 
used are summarized in the first year report (Gelhaus, 1978). However, several 
additional instruments were added during the second year of data collection 
and these will be discussed here, Table 1 lists all the instruments used on 


the study to date. A description of the sampling sites is also given in the 
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first year report (photographs of each site are given in the appendix of this 
report). During the second year of study the following additional instruments 
were added to the study: (1) an acoustic radar, (2) a second diffuse radiation 
system, (3) an integrating nephelometer, (4) a dichotomous particulate sampler, 
(5) a five channel sun photometer, and (6) a second surface meteorological 
system, 

The acoustic radar or monostatic acoustic sounder was used to continuously 
measure inversion height, duration, and thickness. It was also used to cal- 
culate atmospheric stability, using a method that relied on cloud cover, wind 
speeds, and solar radiation. The analysis procedures for the radar are discussed 
more fully in a report recently published by the Air Quality Bureau (Gelhaus, 
1979b). 

The second diffuse radiation system added was for the 0.3 to 0.7 micron 
wavelength which is the wavelength band in which absorption of solar radiation 
; by water vapor has the least effect. Using the two systems together a better 
measure was made of the amount of solar radiation scatter due to aerosols. 

The integrating nephelometer added was used to provide a continuous 
measure of the scattering coefficient of the air at the Scobey Border Station. 
This instrument was installed late in the study and the data will not be 
discussed in this report. 

The dichotomous sampler installed during 1978 was used to measure the 
amount of suspended particulate or dust in the two size ranges of less than 
2.5 microns and 2.5 to 15 microns, with the smaller size range in the respirable 
particulate category. 

The five channel sun photometer added was used to measure turbidity or 


light scatter for five wavelengths. Use of the various wavelengths made 


available an additional measure of the scattering and absorption of the direct 
solar beam due by aerosols or gasses, 

The last instrument added was a second surface meteorological system. 
The older system was moved to the site near Scobey while the new system, which 
included wind speed, wind direction, temperature, dewpoint, and barometric 


pressure was installed at the Scobey Border Station site. 


IT, AMBIENT ALR QUALITY 


A. Suspended Particulates 

During 1977 and 1978, three high volume particulate samplers were run in 
the Poplar River area. The three samplers (see Figure 1 and the photographs 
in the appendix) were run once every six days. 

Tables 2 and 3 summarize the total suspended particulate data from the 
three sites for the two year period. Table 2 gives the means and standard 
deviations along with the highest and second highest readings. The highest 
Single reading was 129 micrograms per cubic meter (ug/m°) recorded at the 
Richardson site while the highest arithmetic average was recorded at the 
Engberg site (27.6 ug/m?). No readings or annual averages approached or 
exceeded the federal or Montana ambient air quality standards. 

Figures 2 through 4 display the trend in monthly averages of total sus- 
pended particulates. The Border Station trend shows a high peak in April 
1977 with a decrease in concentrations until spring 1978, when another in- 
crease occurs until the summer of 1978. Comparing this with Table 4 and figure 
5, showing the monthly precipitation levels for the Scobey area, a fairly 
good correlation can be seen during 1977 but not in 1978. 

Both the Richardson and Engberg sites show the same basic trend in parti- 
culate levels as the Border Station. 

During 1978 the particulate sampling program was expanded to include 
particle sizing instrumentation. A dichotomous sampler was installed in August 
1978 to measure the amount of suspendea particulate less than 2.5 microns and 
from 2.5 to 15 microns. Because of differences in instrumentation sampling 


techniques, the dichotomous samples cannot be compared directly with the high 


5 


volume samples. However, the dichotomous sampler gives a good measure of the 
fine particulates in the Poplar River area. 

Table 5 summarizes the dichotomous data over the six-month sampling period. 
The data shows that on the average about 40 percent of the particulates less 
than 15 microns are in the smaller size range. Figure 6 displays the trend 
of the different size ranges over the sampling period. The data were collected 
over too short a period to show any definite seasonal pattern. Howeyer, the 
data shows a general decrease in concentrations from late summer to early 
winter with an increase again during mid-winter. This trend does not follow 
any clear pattern when compared to the precipitation for these months (Table 4). 
Collection of the particle sizing data is continuing and additional analyses 
should provide a better description of the patterns, 
B. Sulfur Dioxide and Nitrogen Dioxide Data 

Collection continued during 1978 on the sulfur dioxide and nitrogen 
dioxide levels. A bubbler sampler running on a 24-hour basis every sixth 
day was used to measure the concentrations, Refrigeration precautions were 
adhered to during all phases of the sample collection, transportation, and 
analysis. Tables 6 and 7 summarize the levels measured during 1977 and 1978 for 
sulfur dioxide and nitrogen dioxide, respectively. The sulfur dioxide levels 
during the two year period were all below the detection limit of the analysis 
method (i.e. less than 0.01 parts per million). Very low concentrations of 
nitrogen dioxide were also measured. The maximum 24-hour concentration measured 
was 0.01 parts per million. The annual average concentration was below the 
detection limit of the analysis method (i.e. 0.005 parts per million). In 
1979 a continuous sulfur dioxide analyzer will replace the bubbler system 


previously used. The new analyzer will allow detection of short duration 


Sulfur dioxide concentrations from the power plant emissions, 
C. Suspended Sulfates and Nitrates 

During 1978 analyses were started on the suspended particulates for 
sulfates and nitrates. These analyses were initiated to establish a baseline 
of the sulfates and nitrates prior to operation of the power plant. Sulfates 
and nitrates will be formed from the sulfur and nitrogen containing emissions 
from the power plant. Therefore it is important to know the normal levels 
of these compounds prior to the power plant startup. Nitrates and sulfates 
have been shown to affect visibility and human health. 

Sulfate and nitrate analyses were performed on the high volume and dichoto- 
mous air samples. The results of the sulfate analyses are summarized in 
Tables 8 and 9. The average sulfate concentration from the high volume sample 
is approximately 10 to 15% of the total suspended particulate. The average 
sulfate values ranged from 2.5 micrograms per cubic meter (ug/m?) at the 
Border Station to 3.9 ug/m> at the Richardson Site. The dichotomous air 
samples show somewhat higher levels of sulfate concentrations. The total 
sample (particulates less than 15 microns) sulfate concentrations averaged 
approximately 7 ug/m?. The smaller particulates on the average comprise 
approximately 33 percent of the total sulfate concentration. Figure 7 displays 
the monthly trend of the sulfates from the dichotomous air samples. The 
time period is too short to show any detailed pattern. However, the data 
collected to date show a gradual increase in sulfates from autumn to winter. 
The average winter levels are about twice that of the autumn levels. 

Tables 10 and 11 summarize the suspended nitrate data from the high 
volume and dichotomous air samples, respectively. The levels of nitrates 


from both methods are approximately one-half of the previously discussed 


Sulfate levels. The average nitrate levels from the high volume air samples 
ranged from 0.7 at the Border Station to 1,1 ug/m> at both the Engberg and 
the Richardson sites. The maximum 24-hour level was 3.8 ug/m? at the Richard- 
son site. The dichotomous air samp!es show levels of nitrates about twice 
that of the high volume air samples. The fine particulates (less than 2.5 
microns) averaged about 20 percent of the total sample. Laboratory dnalyses 
of blank dichotomous filters for nitrates have shown a very high and variable 
concentration. The high levels of nitrates do not occur in the blank high 
volume filters. The dichotomous filters being used are primarily teflon with 
a polyolefin ring around the edge for support. Because of these high levels 
of nitrate present in the background of the filters, the dichotomous nitrate 


results should be reviewed with caution. 


TABLE 1 


List of Instruments Used in the Poplar River Study 


Air Quality 


High volume air samplers (3) 
Dichotomous particle sizing instrument 


Sulfur Dioxide and Nitorgen Dioxide gaseous bubbler sampler 


Meteorology 


Wind speed and direction anemometer (2) 
Temperature and dewpoint sensor 
Barometric pressure sensor 

Monostatic acoustic sounder 
Mini-temperature sondes 

Pilot balloons 


Hygrothermograph 


Visibility 

Pyranometer (2 - 300-2800 micron; 300-700 micron) 
Pyrheliometer (2 - 300-2800 micron; 300-700 micron) 
Sun photometer (2 - 5 channel and 2 channel) 


Integrating Nephelometer 
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Scobey Border Station 
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Poplar River Area Monthly Average Particulate Data 
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Scobey Richardson Site 


Poplar River Area Monthly Average Particulate Data 
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Figure 4 
Poplar River Area Monthly Average Particulate Data 
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TABLE 4 


Monthly Total Precipitation 
Scobey, Montana 


Departure from 


Month Total (inches Normal (inches) 
January, 1977 Ovh2 0.14 
February CE27 -0.28 
March OyhZ -0.48 
April 0.36 -0.63 
May 1254 -0.13 
June 2.06 -0.98 
July tS -0.37 
August Tess 0.97 
September 2:08 1.46 
October 0.05 -0.57 
November 08 0.66 
December 1. 56 1.06 
January, 1978 0.26 -0.32 
February 0209 -0.41 
March 0.44 -0.16 
April 0.48 -0.5] 
May 4.44 Ay, 
June 3083 0.79 
July 255 0.83 
August OF al -].65 
September 4.10 2.88 
October 0.00 -0.62 
November 1.44 1202 
December 0256 0.06 
January, 1979 0.68 0.10 
February 1235 0.85 
March 0.38 -0.22 
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TABLE 5 
POPLAR RIVER AREA PARTICLE SIZE DATA 
August24. 1978)— March tO), "1979 
BORDER STATION 


Values in micrograms per cubic meter 


Particulates Particulates Particulates 

€2.5 microns 2.5 to 15 microns 215 microns 
Arith. Mean 9.7 14.1 2350 
Max. Reading 20:8 74.9 95.8 


eZ 


Suspended Particulates (micrograms per cubic meter) 


Figure 6 


Poplar River Area Particle Size Data 
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TABLE 6 


POPLAR RIVER AREA SULFUR DIOXIDE CONCENTRATIONS 
1977-1978 


Values in parts per million (ppm) 
Site Maximum Reading* Arithmetic Mean* 


Border Station <0.01 Z 0201 


* Note - Minimum detectable level is 0.01 ppm. 


TABLE 7 


POPLAR RIVER AREA NITROGEN DIOXIDE CONCENTRATIONS 
1977-1978 


Values in parts per million (ppm) 


Maximum Reading* Arithmetic Mean* 
Site 


Border Station 0-01 Z0.005 


* Note - Minimum detectable level is 0.005. 


TABLE 8 


POPLAR RIVER AREA SUSPENDED SULFATE DATA* 
September 1978 - March 1979 


Values in micrograms per cubic meter 


Border Station Richardson Engberg 
Arith. Mean Zs 3.9 326 
Max. Reading 6.0 6.8 7.3 


* Measured by a high volume sampler. 


TABLE 9 
POPLAR RIVER AREA SULFATE SIZING DATA* 
December 1978 - March 1979 
BORDER STATION 


Values in micrograms per cubic meter 


Particles Particles Particles 

€2.5 microns 2.5. to 15 microns <15 microns 
Arith. Mean Doi, 4.79 7.16 
Max. Reading 523 967 2.74 


* Measured by a dichotomous sampler. 
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Suspended Sulfate Concentrations (Microgrms per cubic meter) 


Figure 7 
Poplar River Area Suspended Sulfate Data 
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TABLE 10 


POPLAR RIVER AREA SUSPENDED NITRATE DATA* 
September 1978 - March 1979 


Values in micrograms per cubic meter 


Border Station Richardson Engberg 
Arith. Mean Oy, le ea 
Max. Reading 2.4 3:8 SAG 


* Measured by a high volume sampler. 


TABLE 11 


POPLAR RIVER AREA NITRATE SIZING DATA* 
December 1978 - March 1979 


Values in micrograms per cubic meter 


Particles Particles Particles 

42.2:5 Microns 2.5eto, 15 microns Z.15 microns 
Arith. Mean 0.50 2:02 2.52 
Max. Reading 1335 4.04 4,93 


* Measured by a dichotomous sampler 
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PT METEOROLOGY 


A. Surface Meteorology 

Surface wind speed and direction has been monitored at the Scobey Border 
Site since March 1977. Data through March 1979 are available for this report. 
Difficulties with equipment caused two major losses of data, the first from 
mid-May through early September 1977, and the second from mid-August through 
mid-October 1978. Wind data for March 1977 through March 1979 from the 
National Weather Service at Glasgow, Montana, located some 70 miles southeast 
of Scobey, were also available for this report. Tables of wind rose frequency 
as well as wind rose plots were prepared for both the Scobey and Glasgow 
sites (see Appendix B). 

These data indicate that prevailing winds in the Scobey area generally 
are from either the northwest through northnorthwest or from the east-southeast 
during nearly all months. The wind pattern is bipolar, with peaks of wind 
frequency from the northwest and southeast quadrants during nearly all months. 
There is no clear seasonal variation in wind frequency, except that during the 
summer months, winds from the southwest through west appear to be somewhat 
more common than during other seasons. The least common wind directions during 
virtually all months are from the northeast quadrant. 

Average wind speeds at Scobey are typically quite high, ranging from 4 
to 7 m/sec. Highest average wind speeds generally occur during the autumn 
and spring months, with lowest average speeds occurring in the summer. The 
Strongest average winds generally blow from the northwest quadrant and are 


Strongest during the autumn and spring. Calm conditions are uncommon, 
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occurring from 0.5 to 6.0 percent of the time, 

The wind pattern at Glasgow, as in Scobey, is biplar, with maximums of 
wind frequency from the northwest and southeast quadrants occurring nearly 
every month. At Glasgow, the prevailing wind is from the east-southeast 
during most months, whereas in Scobey, the prevailing wind was almost equally 
divided between east-southeast and northwest, The least common wind direction 
was from the northeast quadrant during most months. Average wind speeds 
varied from about 2 to 10 m/sec, with highest values observed in the autumn 
and spring. The strongest winds blew from the northwest quadrant during most 
months, while the lightest average winds blew from the northeast and south- 
west quadrants with about equal frequency. Calm conditions were uncommon, 
occurring about 1-§ percent of the time during most months. 

B. Upper Air Meteorology 

Pilot balloons with temperature sondes attached were launched from the 
Scobey Border site six times weekly (one-half hour after sunrise and 1400 MST 
on Monday, Wednesday, and Friday) since March 1977. Data through March 1979 
have been examined for this report. 

Monthly frequency distributions of wind speed and direction, inversions, 
mixing heights, average wind speed through the mixed layer, and the average 
lapse rate below the first inversion were prepared from the pilot balloon 
runs and are included in this report. 

A pilot balloon study such as this offers advantages in economy and ease 
of operation as compared to a more complex radiosonde program, but is also 
Subject to some disadvantages. Chief among these are the limitation of 
tracking by theodolites to levels lower than the cloud bases; the limited race 


(approximately 10 km) of the temperature sonde transmitter; the difficulty 
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of operation in extremely coldweather; and, most seriously, the uncertainty of 
the rate of ascent of the balloon during unstable conditions, We have found 

by comparison of calculated ascent rates from dual theodolite tracking runs 
with the assumed balloon ascent rate, that on afternoons with unstable condi- 
tions aloft, such as are quite commonly found during the spring and summer, 
that the assumed ascent rate may be as much as 50 percent lower than the actual 
rate of ascent as calculated from dual theodolite readings. Soundings in which 
the apparent lapse rate from the temperature sonde trace appears to be too 
great should be discarded. An alternative is to track the balloon with two 
theodolites, and this is currently being done in Scobey. The need for great 
accuracy of measurement and the expense of hirina an operator for the second 
theodolite are among the difficulties associated with a dual theodolite study, 
but we feel the increased accuracy of the data obtained outweighs the difficul- 
ties involved. 

An analysis of the wind frequency summaries obtained from the pilot 
balloon soundings indicates that in the mornings the prevailing wind direction 
at the surface is from the west-northwest through north-northwest during most 
months. The most significant exception to this pattern occurred during the 
Spring and summer of 1978, when prevailing winds were from the east through 
south. This is a reflection of the bipolar wind frequency distribution at 
Scobey; prevailing winds at the surface are nearly always from either the 
northwest or southeast quadrants. Furthermore, when the prevailing wind is 
from one of these quadrants, there is most often a secondary maximum of wind 
frequency from the other. It appears that the spring and summer months are 
more likely to experience prevailing winds from the southeast quadrant, whil2 
during the autumn and winter months prevailing winds from the northwest quadrant 


are more common. 


20 


Average surface wind speeds in the mornings ranged from 0,8 meters/sec 
in August 1977 to 5.1 meters/sec in October 1978, and averaged about 2,5 
meters/sec. Wind speeds were generally highest during the autumn months and 
lowest in the summer months. Most often, the highest average wind speeds 
were those from the prevailing wind direction, while the lowest average wind 
Speeds were typically those from the least common wind direction. 

Prevailing wind directions at the 100 and 200 meter levels are generally 
similar to those at the surface. Beginning at 300 meters, during most months, 
the prevailing wind tends to change with height, becoming generally west through 
north-northwest at levels of 500 meters and higher, The only exceptions to 
this pattern during the period of this study were in June 1977, when the pre- 
vailing wind was south-southwest through south up to 2000 meters; July 1977 
with prevailing wind southwest through west; and in April and May 1978, when 
prevailing winds were from the east through south-southeast. 

Average wind speeds aloft increased with height, typically becoming 
three to six times faster at 1000 meters than at the surface. Most months, 
the average wind speed increased gradually up to 200 meters, then more rapidly 
up to 1000 meters, and then more slowly again above 1000 meters. Wind speeds 
at all levels tended to be greatest in the spring and autumn and lowest in 
the summer. 

Analysis of the afternoon wind frequency distributions indicates that the 
prevailing surface winds were most commonly from the west through north- 
northwest. Some exceptions to this pattern occurred, the most common being a 
prevailing wind from east-southeast through south-southeast. The spring and 
autumn months appear to be more likely to have prevailing winds from the south- 


east quadrant. The afternoon wind frequency distribution was bipolar, as was 
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the mornings; prevailing surface winds were nearly always from either the 
northwest or southeast quadrants, and a secondary maximum of wind frequency 
was noted from the southeast quadrant if the prevailing wind was from the 
northwest, and vice versa. 

Average surface wind speeds in the afternoons varied from 2.1 meters/ 
sec, in September, 1977 to 7.8 meters/sec in October 1978, and averaged about 
5 meters/sec. Average wind speeds were highest during the spring and autumn 
months and lowest during the summer months. Average afternoon wind speeds 
were generally from two to four times greater than average morning wind speeds. 

Prevailing wind directions aloft during the afternoons show less variation 
with height than do the corresponding morning values. Prevailing winds at all 
levels were primarily from west through north-northwest. The only significant 
exceptions to this pattern were in April and October 1977, with prevailing 
winds from the southwest; April 1978 which had prevailing winds from the south- 
east; and June 1977, in which no clear pattern was present. August and November 
1977, as well as March 1979, had winds from the south-southeast through south 
in the lowest 100-200 meters, and prevailing winds from the northwest through 
north at higher levels. 

Wind speeds aloft increased with height, generally becoming two to three 
times greater at 1000 meters than at the surface. The most rapid increase in 
wind speed occurred between the surface and 500 meters; thereafter, the averaje 
wind speed increased slowly with height. The highest average wind speeds at 
all levels occurred during the spring and autumn months, while the lowest 
Speeds were noted during the summer months, 

Temperature sondes were sent aloft with the pilot balloons beginning in 


April, 1977. These temperature sondes provided a record of temperature as 
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the balloon ascended, and from this data inyersion heights, thicknesses, and 
H olzworth classifications, mixing heights, average wind speed through the 
mixed layer, and temperature lapse rates below the first inversion were calcu- 
lated. From these data, monthly summaries of each parameter were prepared 
and are included in this report. 

An examination of the frequency summary of inversion tables reveals that 
during the morning soundings, one or more inversions, either surface based 
or aloft, was nearly always present. A seasonal pattern was evident in the 
frequency of soundings with no inversion present; such soundings were most 
common during the autumn and spring months, but were almost entirely absent 
during the summer and winter months. When inversions were present, which was 
the case 60 to 100 percent of the time, the most common base height was the 
surface during the spring and summer of 1977 and the summer of 1978. During 
the winter of 1977-78, base heights of 1001-1500 meters were most common, while 
during the winter of 1978-79, base heights of 251-500 meters were most prevalent. 
The most frequent thickness of these inversions, during nearly all months, was 
from 4-100 meters. The thickness of inversions was clearly related to their 
base heights; inversions with base heights at or near the surface were generally 
thicker than inversions based at greater heights. Inversions based more than 
500 meters above ground level were very rarely more than 100 meters thick. 
Inversions based within 100 meters of the surface, on the other hand, were 
usually from 101 to 250 meters thick and occasionally were more than 500 meters 
thick. The thickness of these near-surface inversions showed a seasonal 
variation, with the wintertime inversions being thicker than those of other 
seasons. 


The intensity of morning surface based inversions (on the Holzworth 
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“cassification scale, see Table 12) was very similar from month to month, with 
the most common Holzworth type being 3 or 4 during nearly all months, The 
intensity of elevated inversions did exhibit a seasonal variation, with type 
1 inversions generally the most common in the spring, type 3 during the 
winter, and type 2 in the summer and autumn. There was also a relation 
between base height and intensity; lower based inversions were generally more 
intense than those based at higher levels. 

During the afternoon soundings, fewer inversions were present than in 
the mornings. Surface based inversions were very uncommon, except during the 
winter months, when they were quite frequent. Elevated inversions were common 
during the winter and spring months, but were quite uncommon during the summer 
and autumn. During most months, the most common inversion base heights were 
from 1000-2000 meters above ground level. During the winter months, however, 
the most common base heights were usually from 250 to 500 meters. During all 
months except March 1979, the most common inversion thickness was from 1-100 
meters. As in the mornings, there was a relation between inversion base height 
and thickness; inversions based at lower levels tend to be thicker than those 
based at higher levels. 

The intensity of afternoon surface-based inversions (on the Holzworth 
scale) was similar from month to month, the most common intensities being 2 
or 3. These afternoon surface based inversions were in general not as strong 
as their morning counterparts, which were usually of Holzworth types 3 and 4. 
Elevated inversions also tended to be less intense in the afternoons than in 
the mornings, with the most common types being 1 and 2. A seasonal trend was 
apparent in the intensities of these elevated inversions; summertime inversiors 


tended to be less intense than those observed during other seasons. A variation 
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of intensity with height was also apparent during most months, with lower 
based inversions tending to be more intense than those based at higher levels. 

Mixing heights, average wind speed through the mixed layer, and the 
average lapse rate below the first inversion were calculated for each temper- 
ature sounding, and monthly frequency distributions of these parameters are 
included in this report, 

An examination of the monthly summaries indicates that in the mornings, 
the most common mixing heights were from 0 to 100 meters during most months. 
During some months, most notably March through June 1978 and October 1978 
through March 1979, average mixing heights were greater, most commonly between 
101 and 250 meters. The average wind speed through the mixed layer varied 
from 4.2 m/sec in February 1979 to 11.7 m/sec in October 1978, and averaged 
about 7 m/sec. Highest values of wind speed were generally noted in the spring 
and autumn months, while lowest values usually occurred in the winter, It 
Should be noted that the higher wind speeds through the mixed layer in the 
spring and autumn are at least partially due to the greater mixing heights 
occurring during those months, since wind speed generally increases with height. 

During the afternoon soundings, the most common mixing heights were 
greater than 1500 meters during the summer months, and usually between 251 
and 500 meters during the winter months. The spring and autumn months typically 
had most common mixing heights of either gerater than 1500 meters or from 
251 to 500 meters. The low afternoon mixing heights during the winter are a 
consequence of the presence in this area of a semi-permanent inversion in the 
lowest 1000 meters due to the presence of a shallow arctic air mass over the 
region. 


The average wind speed through the mixed layer during the afternoon 
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soundings yaried from 5.1 m/sec in February 1978 to 11.1 m/sec in May 1977, 
and averaged about 9 m/sec. These values are greater than those found during 
the morning sounding because wind speeds at lower levels are normally greater 
in the afternoons than during the mornings, and also because of the greater 
mixing heights during the afternoon, which results in the greater wind speeds 
at higher levels being included in the average wind speed through the mixed 
layer. Accordingly, the values of average wind speed through the mixed 

layer vary as the mixing height, with highest values occurring in the spring, 
summer, and autumn when mixing heights are greatest, and lowest values are 
noted in the winter, when mixing heights are smallest. 

Average lapse rates below the first inversion during the morning soundings 
averaged about -0.75 deg. C/100m and ranged from -0.19 deg C/100 m in August 
1978 to -4.49 deg C/100m in April 1977. (The latter value is very questionable. ) 
During the afternoon soundings, lapse rates below the first inversion ranged 
from -0.52 deg C/100 m in December 1977 to -2.03 deg. C/100m in July 1977 and 
averaged about -1.4 deg C/100m. 

Temperature data from the temperature sonde traces was broken down by 
month into four categories (Tables 15 and 16) in order to investigate possible 
behavior of the plume from the Poplar River power plant. The stack at the 
Poplar River plant is 122 meters high. Allowing about 80 meters for plume 
rise, it was assumed that inversions with tops less than 200 meters above 
ground level would not inhibit dispersion of the plume and in fact would 
prevent the plume from reaching the ground. Inversions with tops between 200 
and 500 meters above ground level, it was felt, would contain the plume and 
fumigations could result during inversion breakup. It was assumed that any 


inversion based above 500 meters above ground level would have no effect on 
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the plume. Accordingly, each temperature trace obtained was assigned into 
one of four categories and monthly frequency tables of these categories were 
prepared. The categories are: I, inversion tops less than 200 m A.G.L.; 

II, inversion tops between 200 and 500 meters A.G.L.; III, no inversion 
present below 500 meters A.G.L., but inversions present at higher levels; and 
IV, no inversions present. 

An examination of the frequency tables for the morning soundings shows 
that category II is the most common during all months, typically occurring 
up to 80 percent of the time. A seasonal variation in the occurrence of 
category II is apparent, with it being more common in the winter and summer 
months and less common during the spring and autumn months. Categories I and 
III are the next most common, generally occurring less than 20 percent of the 
time. There is no obvious seasonal variation in category I, but category III 
iS more common in the spring and autumn months than during the winter and 
Summer. 

During the afternoon soundings, the most common category noted was 
category III during all months except for the winter months when category II 
was most common. The second most common category was category IV during the 
Summer and autumn months. 

Category II represents the situation that will most inhibit dispersion 
of pollutants, and it occurs on most nights throughout the year and during 
most afternoons in the winter months. Due to the rather high wind speeds 
through the mixed layer found in the Scobey area, pollutants will tend to be 
mixed throughout the inversion layer rather than accumulating near the top. 
This effect should be especially pronounced in the autumn and spring when wince 


Speeds are highest. Fumigation episodes should be most frequent during the 
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Summer, when the nocturnal inversion rarely persists through the day. Greatest 
concentrations of pollutants near the surface, other than during fumigation 
episodes, should occur during the winter, when category II conditions can 
persist for days and even weeks at a time, 

Average monthly temperature traces from the temperature sonde soundings 
were computed and plotted for both morning and afternoon soundings. The 
purpose was to provide a graphical method of obtaining average monthly mixing 
heights. The average monthly mixing height cannot be obtained from the mixing 
height values computed for the individual soundings because of the occurrence 
of cases with no intersection between the temperature trace and the dry adiabat. 
The average mixing height is derived from the monthly average temperature trace 
by drawing a dry adiabat starting at the surface at a temperature 3 deg C 
warmer than the surface temperature of the trace for morning soundings, and 
2 deg C warmer than the surface temperature for afternoon soundings. The 
height at which the dry adiabat intersects the average temperature trace is 
the mixing height and the values so obtained are tabulated in Table 14. 

An examination of these tables shows a seasonal variation in average 
mixing heights in the mornings, with lowest heights mostly less than 100 m 
in the summer months and greatest heights of 150 to 300 m occurring during 
the spring and autumn months. 

During the afternoon soundings, the greatest average mixing heights of 
1000 to 1500 meters were found during the summer months (some summer months 
are missing due to too small a sample size to make results meaningful). 

The lowest average mixing heights, typically 200 to 300 meters, were found 


during the winter months. 
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An acoustic radar was installed at the Scobey Border site in late April 
1978 and has been operated continuously since, Data through March 1979 
are included in this report. 

The monostatic acoustic sounder manufactured by AeroEnvironment, Inc. 
consists of a transmit/receive dish antenna approximately four feet in dia- 
meter and a recording/display unit which produces a permanent chart record. 
Approximately every 22 seconds the antenna emits a 1600 Hz sound pulse. 

The pulse is directed vertically upward and is reflected downward to the 
receiver, if stable layers are present, by small-scale turbulence and temp- 
erature discontinuities associated with inversions, The echoes received are 
recorded electrically on heat-sensitive chart paper. The chart produced is 
interpreted by the operator, who obtains from it a stability estimate (stable, 
unstable, or neutral) of the lowest 100 meters of the atmosphere, and the 
height, thickness, and type of any inversion present. These data are further 
analyzed by computer and monthly summaries of first (lowest) and second (second 
lowest if multiple inversions are present) inversions are produced. A two-hour 
Stability analysis is also performed, which assigns data into one if six 
Stability categories, A through F, where A is the most unstable and F the most 
Stable. These classifications are based on the operator's stability estimate 
plus wind speed, time of day, solar altitude angle, and cloud conditions. 

A more complete discussion of the procedure followed can be found in a report 
recently published by the Air Quality Bureau (Gelhaus, 1979b). 

An examination of the monthly first inversion frequency of occurrence 
tables reveals that the most common inversion base height was the surface during 
the evening (1800-2400 MST) and nighttime (0000-0600) hours during all months. 


During the morning (0600-1200) hours the most common base height was from 10) 
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to 200 meters, except for the winter months, when surface-based inversions were 
most frequent. During the afternoons (1200-1800) surface-based inversions 

were most common during all months except April, June and July 1978 and 
February 1979, when base heights of 100 and 200 meters were most common. 

The most common inversion thicknesses during the mornings, evenings and 
nights were from 101 to 300 meters during all months except the winter months, 
when the most common inversion thickness was from 301 to 500 meters. The 
One exception occurred during August mornings, when a thickness of 1 to 100 
meters was most common. During the afternoons, thicknesses of 301 to 500 
meters were most common in November through January and March, with thicknesses 
of less than 100 meters being the most common during most other months. 

Second inversions were quite uncommon, and did not occur at all during 
two months, Those that did occur were most commonly based from 300 to 500 
meters above ground level. Most of these inversions were from 100 to 300 
meters thick, although nearly as many were less than 100 meters thick. 

Table 19 shows the percentage frequency of occurrence of inversions. 

This table shows that inversions are present nearly all of the time during the 
evening and nighttime hours. Inversions tend to be slightly less common in 
these time periods during the spring and autumn. During the morning hours 
inversions were present more than 80 percent of the time during most months. 
During the afternoons, inversions were present only 7 to 17 percent of the tine 
during the spring and summer but beginning in September became progressively 
more frequent, being present 100 percent of the time in January, after which 
the percentage began to decline again. 

The percentage frequency of second inversions was also tabulated, and 


these figures show that second inversions are most frequent during the evening 
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and nighttime hours in the summer, typically occurring 10-20 percent of the 
time. Second inversions were least common during the afternoons, occurring 
less than 10 percent of the time. Autumn had the greatest frequency of 
afternoon second inversion occurrences. Morning second inversions occurred 
up to 13 percent of the time and were most frequent during the summer and 
least common during late autumn and early spring. 

Tables of percentage frequency of occurrence of stability classifications 
were prepared (Tables 20 through 25). For the period 0000-2400 MST, category 
E, slightly stable, was the most common category during all months except for 
May through August, 1978, when category C, slightly unstable, was most common. 
Category A, very unstable, was the most uncommon category, and only occurred 
in May, June and July. 

During the nighttime hours 0000-0600 MST, category E, slightly stable, 
was most common during all months except July 1978, when category F, moderately 
stable was most common, Categories E and F together occurred at least 70 
percent of the time during all months. Category C, slightly unstable, rarely 
occurred during this time period, but was most likely to occur during the 
autumn and spring months. Similarly, category D, neutral, was most likely to 
occur in the late winter, spring and autumn, and least likely to occur in 
January and August. 

In the morning hours 0600-1200, a marked seasonal variation in frequency 
of occurrence of stability categories was apparent, with category C being 
most common in April through October, and category D most common from November 
through March. The remaining categories showed a similar variation, with 
the more unstable categories occurring more frequently during the warmer months 


and the more stable categories being more common during the colder months. 
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This distribution is partly a function of time of sunrise, but is also due 
to the semi-permanent presence of an arctic air mass over the area from 
November through March. 

The afternoon hours 1200-1800 MST also showed an obvious seasonal 
variation, with category C being the most common from March through November, 
category E most common from November through January, and category D most 
frequent in February. This pattern again was due to the arctic air mass over 
the area during the winter. 

The evening hours of 1800-2400 MST showed a pattern very similar to the 
nighttime hours, with category E being most common during all months except 
May and June, when category D was most common. 

As revealed by the acoustic radar, the most important factors affecting 
dispersion of pollutants in the Scobey area were the presence of a nearly 
continuous inversion at or near the surface from November through March, and 
the preponderance of stable conditions in the lowest 100 meters during this 
time period. Both these factors will tend to inhibit dispersion during the 
winter in this area. During the other seasons, stable conditions usually occur 
at night, but inversions generally break up shortly after sunrise. During the 
Spring and autumn months, unstable conditions occur fairly often even at night, 


and dispersion should be most efficient during these seasons. 
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TABLE 12 


Holzworth Lapse Rate Categories (Modified) 


Values in deg C/100m 


Non-Inversion Class Lapse Rate 
] “-1.60 
2 =1.21. to =). 60 
5 =O: 31. to °=12 20 
4 -0.41 to -0.80 
5 0.00 to -0.40 
Inversion Class Lapse Rate 
] 0:. 00: £0. +0:.47 
2 0468 tO. S14 
3 toi] GEO (2s 6Z 
4 +2163. LO TOLU0 
5 >+6200 


Description 


Very Superadiabatic 
Superadiabatic 

Near Dry Adiabatic 

Near Standard Atmosphere 
Weak Lapse 


Description 


Weak Inversion 
Moderate Inversion 
Strong Inversion 

Very Strong Inversion 
Extreme Inversion 


(Holzworth, 1974) 
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Jan 
Feb 
Mar 
Apr 


liay 


Nov 


Year 


Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
Year 


Table! 13 


Temperature (deg F) 


SCOBEY, MONTANA MEANS AND EXTREMES 


Year 
1950 


Average Average Extreme Extreme Average Temperature 
High Low Average High Low Warmest Coldest 
(1949-78) (1949-78) (1949-78) (1940-78) Year (1940-78) Year Month Year Month 
M78 ~' 3.3 Tse 55 1944 -43 1954 25.1 1944 -14.] 
26.9 Ad, 15.8 59 1973 -40 1962)'':° 30.6: 1954 250 
3607 14.1 254 V7 1946 -32 1951 39.0 1973 oF 
55). 29.1 A261 90 1952 -13 197506 08980, 1952) 33.2 
68.9 40.5 54.2 97 1960 7 1954". 60.6 1958. - 49.4 
TE Sf 49.3 6342 100 1970+ 23 1951 7024 1961 .57.4 
8521 54.3 69.7 106 1960+ 34 HOA SiO 1960" 63.9 
84.2 yap 68.1] 105 1949 26 1952007529 1971 5/9 
Tae 41.6 56.8 101 1978 10 1965 64.1 1963 45.4 
B9E5 3129 A5.7 90 1943 - 4 P59 5476) M963". 38.7 
39.6 sts. 28.5 75 1975 -28 1950 39.6 1954+ 14.3 
25.2 4.7 14.9 60 1942 -37 T9270 26.5... 1954 OnF 
Aug. 
54.0 28.0 41.0 106 -43 7529 907-14.) 
Precipitation (Inches) 
Most in Most 
Average Wettest Driest 24 hours Snow 
(1941-70) (1940-78) Year (1940-78) Year (1940-78) Year (1940-52) Year 
u58 93 1948 i 1973+ .88 1951 2250 1950 
. 50 (bel oy 1951 .00 1976+ D9 1951 35.4 195] 
. 60 2.94 195] Ti 1946 1267 1951 25:56 1951 
.99 Za0 | 1970 .02 1949 1363 1970 19.0 1940 
oy 5 a7 1972 “We 1958 He 1972 120 1943 
3.04 S26 1976 92 1966 2590) 1976 r 1943 
lgvZ 9.10 1946 04 195] 6.90 1946 
ew.6 4.69 1968 valed 1978 2e05 1968 
122 4.63 1959 .05 1960 1.99 1954 ai 1946+ 
.62 evil 1953 .90 STS 30 1971 Bind, 1942 
~42 161 194] 00 1949 74 194] 18.4 194] 
150 64 1973 00 1966 USks) 045 Hon 1245 
uly e 
S62 21.90 1951 6.98 197] 6.90 1946 35.4 1951 


+Also occurred previous year(s) 
Source: Monthly Climataological Data: Montaha 
Q0 


TABLE 14 


Scobey, Montana 


Average Monthly Mixing Heights 
(from average monthly temperature traces) 


Month Morning Afternoon 
1979 = Apr 55 - 
May 125 565 
June Q5 1550 
Jul nS - 
Aug 100 fs 
Sep 65 - 
Oct iis 7 
Nov Ns) 465 
Dec hV5 270 
1978 ~ Jan 105 200 
Feb 85 265 
Mar 155 435 
Apr 315 1490 
May (a | - 
Jun 90 ~ 
Jul 105 1230 
Aug 70 _ 
Sep 105 - 
Oct 190 1270 
Nov 210 490 
Dec 205 275 
1979 sudan 150 265 
Feb 105 345 
Mar 285 520 
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Scobey, Montana 
Inversion Frequency Table - Morning Soundings TABEE 15 
(Values in percent) 


Category number 
Month I a II] IV of runs 
1977. Apr 20.0 80.0 0.0 0.0 10 
May 0.0 60.0 0.0 40.0 5 
Jun 23.1 69.2 Fs, 0.0 13 
Jul 1657 83:3 0.0 0.0 h2 
Aug 15.4 16:9 0.0 Tel 13 
Sep 2h 63.6 0.0 G1 1] 
Oct 15.4 6).5 15.4 Lad 13 
Nov 9.1] 63.6 1S. 2 951 11 
Dec 25.0 62.5 12:5 0.0 8 
1978). dan 0.0 100.0 0.0 0.0 12 
Feb 0.0 875 1225 0.0 8 
Mar ded 71.4 Tal 14.3 14 
Apr 00 81.8 TS32 0:0 1] 
May 16.7 66.7 16.7 0.0 2 
Jun 0.0 100.0 0.0 0.0 4 
Jul 9.1 81.8 Ona 0.0 1] 
Aug 0.0 100.0 0.0 0.0 12 
Sep O20 80.0 20.0 0.0 10 
Oct ee 16657 (hee el 9 
Nov 10.0 60.0 30.0 10.0 10 
Dec 0.0 75.0 Tens 1235 8 
USS et 1255 7620 0.0 12e5 8 
Feb 0.0 100.0 0.0 0.0 | 5 
Mar 0.0 63.16 36.4 0.0 1] 


Category I - inversion top less than 200 m 

Category II - inversion top between 200 and 500 m 

Category III - no inversions present below 500 m; inversion present at 
higher levels 

Category IV- no inversions present 
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Scobey, Montana 
Inversion Frequency Table - Afternoon Soundings TABLE 16 
(Values in percent) 


Category number 
Month I I] II] IV of runs 
1977 += Apr 0.0 12:5 625 25750 8 
May 16.7 33.33 3333 Ley) 6 
Jun 0.0 46.2 S358 0.0 13 
Jul Dad 46.2 46.2 0.0 is 
Aug Tel 15.4 53.8 23:11 13 
Sep 0.0 16.7 50.0 3323 2 
Oct 0.0 1627 1520 Bas 12 
Nov Tel 235 | 5328 15.4 13 
Dec 0:0 80.0 O20 20.0 10 
1978 Jan 8.3 Ge], 0.0 0.0 12 
Feb 0.0 90.0 10.0 0 10 
Mar 731 5641 Set: 0.0 14 
Apr oral Is2 Vee 0.0 1] 
May 0.0 16.7 63:3 0.0 V2 
Jun 0.0 0.0 100.0 0.0 3 
Jul 9.1 AES 45.5 1822 1] 
Aug 0.0 38.5 46.2 15.4 13 
Sep 0.0 0.0 S725 As) 8 
Oct O20 0.0 90.0 10.0 10 
Nov 02] 45.5 45.5 0.0 lal 
Dec 0.0 B75 0.0 W235 8 
1979... “dan 0.0 80.0 20.0 0.0 10 
Feb 0.0 Oo 14.3 0-0 7 
Mar 0:0 30.0 70.0 0.0 10 


Category I - inversion top less than 200 m 

Category II - inversion top between 200 and 500 m 

Category III - no inversions present below 500 m; inversion present at 
higher levels 

Category IV - no inversions presnet 
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TABLE: 17 


SCOBEY BORDER SITE 


Most Common First Inversion Base Height and Thickness 
by Time and Month, From Acoustic Radar 


Month 0001-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 


Base Thickness Base Thickness Base Thickness Base Thickness 


1978 Apr sfc 101-300 200 101-300 200 1-100 STC 101-306 
May Sfc 101-300 100 101-300 STC 101-300 sfc 101-300 
Jun Sic 101-300 200 101-300 190 1-109 Chic 101-300 
Jul Sfc 101-300 100 101-300 200 101-300 Sfc 101-300 
Aug Sic 101-300 200 1-100 SiC 1-100 SiC 101-300 
Sep Sime 301-500 200 101-300 Sic 1-100 STC 101-300 
Oct Sine 101-300 200 101-300 She 101-300 STC 101-300 
Nov Sic 101-300 SHC 101-300 Sfc 301-500 Stic 101-300 
Dec Sic 301-500 SEC 301-500 Sic 301-500 See 301-500 
1979 Jan Sire 301-500 Sic 301-500 STC 301-500 Sfc 301-500 
Feb sfc 301-500 Sic 301-500 200 101-300 Sic 301-500 
Mar Sie 301-500 Sic 301-500 Sfc 301-500 Sic 301-500 
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Month 


1978 Apr 


1979 


May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
Jan 
Feb 


Mar 


0001-0600 MST 


Base 


Thickness 


1-100 
1-100 
101-300 
1-100 
101-300 
1-100 
1-100 


101-300 


TABLE 18 


SCOBEY' ‘BORDER SITE 


Most Common Second Inversion Base Height and Thickness | 
by Time and Month, From Acoustic Radar 


0601-1200 MST 


Base 


Thickness 


301-500 
1-100 
101-300 
101-300 
1-100 
101-300 


101-300 
1-100 
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1201-1800 MST 1801-2400 J 


Base Thickness Base Thickness 
so ae 200 ~=+1-100 
as <2 200 101-308 
oe ta 300 101-300 
300 101-300 200 101-300 
300 1-100 300 101-300 
200 101-300 300 1-100 
500 1-100 300 1-100 
as a 300 101-300 
600 1-100 300 «1-108 
400 101-300 700 «12108 


TABLE 19 


SCOBEY, BORDER: SITE 


Percent Frequency of Occurrence of Periods with Inversion(s) Present 


Month 0001-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 


First Second First Second First Second Faimsst Second 
Inversion Inversion Inversion Inversion Inversion Inversion Inversion Inversion 


1978 Apr 66.7 0.0 16.7 0.0 16...7 0.0 Gand 0.0 
May 90.0 14.3 68.8 320 7.4 G20 86.7 Fel 
June LOC. 0 20.0 96.7 oes 13.3 0.0 100.0 1323 
Unive 96.28 32.3 935 12.9 STN 0.0 100.0 h2:9 
Rugs) 0020 625 96.8 OE 6.7 65 100.0 19.4 
Sep 83.3 33 716.7, 3n3 50.0 6 86 <7 10.0 
Oct 90:8 3.2 9033 6.9 87,1 9-7 96.7 o) ea 
Nov 86.7 343 80.0 020 3.3 33 8343 3e3 
Dec. 100.0 0.0 Sel 0.0 93.3 0.0 96.8 322 
1979 Jan 96.57 SZ 87.1 6.5 100.0 6.5 100.0 B52 
Feb 96.4 0.0 O29 3.6 88.5 3.6 100.0 326 
Mar Sil 0.0 87) 0.0 77.4 0.0 83.9 0.0 
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TABLE 20 
SCOBEY BORDER” SITE 


Percent Frequency of Occurrence of Stability Classifications 
0000-2400 MST 


Category 
Month A B 6 D E F U M 


1978 Apr 0.0 O20 sucha? «,cx6 5.6 131 020" 28550 
May 0.3 OLS Bbre i 2oe 0 ees dee cose eG 
Jun 1.4 36k 28F here Aes AN ee. One: 1 neo 
Aug 0.0 29 34.9 AOA eo 20k Oto Aa 
Sep 0.0 O:0'" 26.5 480" S6c1k 1343, aie ake 
Oot 0.0 068-5 2203) 6 har eae oe oe 
Nov 0.0 BONS 8 Gees GG ee Wye Ae 0S 
Dec 0.0 Q2o4, GUase aS pae2) OG ee cemageg 
1979 Jan 0.0 Tot 199 Ae Baa ena aes |e Ta 
Feb 0.0 GG" Tid 62.7" ass Tio Ore one 
Mar 0.0 2 2G, aio O81 Baa Olea 


Ne) 
oO 
(en) 


very unstable 
moderately unstable 
Slightly unstable 
neutral 

Slightly stable 
moderately stable 
unknown 

missing 


=e To Se I> 
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TABLE 21 
SCOBEY BORDER SITE 


Percent Frequency of Occurrence of Stability Classifications 


0000-0600 MST 
Category 


Month Ae 8 C D E F U M 


ig78 Apr’ (0.0% 0.0, 0.0 DP OR TA Oe) 4 So. 7 
May O70. 0.00. Tal 2588523550) 81629020"). 6.5 
Un OL0.. 202.01, O20 B27 oe PAR Sh ANG 7 OO. «1 0.0 
Augi 010; 0,0), 0.0 oa Sor 4728) 20.0 10.0 
Sen 0-0 6-0). 00,0). 912 Boge) 2526 608 020 
COE GRO 000) 2a? Ay FEV Oh ACHOW 625). DO 
NOV ORON O20: (Suet, 14a 5eNOk B78. B43. 0.0 
Dec O20 0.0) 0.08, V4.0 50.4 26.9) 700)" "O20 
1979 Jan O30 020), 0.0 6255. 64a by 2558. 020. 3.22 
RED ONO). OROK  2e4 i Qed VERA! RG. 10.005) 100 


Mar 0.0 Tee 382 30241 333 8213) MOO 0.0 


very unstable 
moderately unstable 
Slightly unstable 
neutral 

Slightly stable 
moderately stable 
unknown 

missing 


C= Sh GG s> 
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TABLE 22 
SCOBEY: BORDER SITE 


Percent Frequency of Occurrence of Stability Classifications 
0600-1200 MST 


Category 
Month A B @ D E F U M 


1978 Apr 0.0 00 8 06 0.0 O20" 3020 Ser 7 


- May eel Ta 252 366 Pal Tey) G20 6.5 
Jun p26 6.7 40.0 44.4 ee Ze SOKO 0.0 
Aug 0.0 Bei) MASN2 3813 i: 9 Bua 3 One 322 


Sep 0.0 OO “8627 ~ 3627 Toe7 56 aed 0.0 
Oct 0.0 EEG | POOR ON e406 280 Lai" SZ 0.0 
Nov 0.0 S23) SEO 4d, 44.4 TSe6.2: ea] 2 id 
Dec O20 0.0 Sf 1Si3 62.4 TS. a2 0.0 
1979 Jan 0.0 (BBC (NY cae Ae 591 Ta2 eal bal 
Feb 0.0 O80 Soe “aa Zl 47.6 LA GO:30 0.0 
Mar 0.0 AS! $3 G63 asl 36 36 TS) 10:20 0.0 


very unstable 
moderately unstable 
Slightly unstable 
neutral 

Slightly stable 
moderately stable 
unknown 

missing 


re = Se Gt GG Gd sts 
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Month A B 


W978 Apr 0.0 0.0 


May 0.0: 0.0 
Jun 0.0 Gen 
Aug 0.20 A .3 
Sep 0.0 0.0 
Oct 0:0 Leal 


Nov 0.0 5.6 


Dec 0.0 O10 


1979 Jan 0.0 Ca 


=== Salina he) os = 


Feb 0.0 8216 
Mar 0.0 32 


very unstable 
moderately unstable 
Slightly unstable 
neutra] 

slightly stable 
moderately stable 
unknown 

missing 


TABLE 123 
Category 
C D 
1] 4.4 
ae 20.4 
72. 20.0 
88. 4.3 
68. 15.6 dae 
50). 1732 19: 
233 20.0 Ld 
Diy 19.4 65: 
Di Tes bias 
238 39:3 31. 
Al. Ls 26. 


SCOBEY.;BORDER SITE 
Percent Frequency of Occurrence of Stability 
1200-1800 MST 
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Classifications 


U M 
O20) 837.3 
0:..0 6.0 
0:0 0.0 
0:40 Ros 

oC Oe) 
GSS) 0.0 
6x7 te 
Sie 0.0 
0.0 0.0 
0.0 0.0 
Lae 0.0 


TABLE 24 
SCOBEY BORDER SITE 


Percent Frequency of Occurrence of Stability Classifications 
1800-2400 MST 


Category 
Month A B C D E 2 U M 
1978 Apr 0.0 O20% ..GO80 erie el Soin OO 8333 


May 0.0 O50, 0/40 3360 8 hes2 262.9) 40010 8.6 
Jun 0.0 0.0 < 020 33.9 36:17 2458 5 OO 0.0 
Aug 0.0 020% +020 (Aa eS) 44.1 SAA OO 0.0 
Sep 0.0 Oe Onna be 58.9 222) Ace 0.0 
Oct 0.0 O..0= 27050 Gee 45.2 BA le O26 0.0 


Nov 0.0 O20) 526 i22 So) BOO Or. 0.0 
Dec 0.0 el ee 6.5 65.6 204 7 ey 
1979 Jan 0.0 0.0 0.0 8.6 5/20) 3424 3020 0.0 
Feb 0.0 0.0: 456 Saal 42.9 205.2 + 2050 0.0 
Mar 0.0 020°" 65 22:6 398 2528. Sid 0.0 


very unstable 
moderately unstable 
Slightly unstable 
neutral 

Slightly stable 
moderately stable 
unknown 

missing 


GS ant nies eGo s= 
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Maw) MEST BILITY 


Visibility related measurements have been taken in the Poplar River 
area since March 1977 with a variety of measurement techniques. During 
the first year of the study (March, 1977 - February 1978) two methods of 
visibility assessment were used. These were a two channel sun photometer 
(380 nm and 500 nm) and a diffuse radiation system (300 to 2800 nm pyra- 
nometer and pyrheliometer). Also measurements of meteorological and air 
quality variables were made during the same time period. 

Electromagnetic radiation from the sun has approximately the spectral 
content of a black body with temperature near 5900 K. Superimposed thereon 
are atomic and molecular emissions and absorptions. The majority (98%) of 
the solar spectral irradiance lies between 294 and 4000 nm. The most impor- 
tant spectral region is from 300 to 4000 nm for solar-thermal conversion 
Systems and from 400 to 1100 nm for photovoltaic conversion. 

The spectral energy density of the sun's radiation is nearly constant 
and is assumed as constant for this study. The principal affects at ground 
level are due to the rotation of the earth, the properties of the atmos- 
phere, and to a much less extent, the earth-sun distance. 

Scattering by air molecules (Rayleigh scattering) has a sizeable effect 
on the intensity of the direct solar irradiation at the shorter visible and 
ultraviolet wave lengths. The scattering coefficient is approximately propor- 
tional to the inverse fourth power of the wave length. In the ultraviolet 
and the longer visible and infrared wave lengths, absorption by atmospheric 


gases is important. 


6} 


Of the gases occurring naturally, the greatest effect on solar radiation 
is due to water vapor and ozone. Carbon dioxide, methane, nitrogen dioxide, 
and oxygen also play a role, but a relatively minor one in the normal atmos- 
phere. However, man-made gaseous pollution and volcanic gases may result in 
Significant absorption locally. 

Let I) be the irradiance at wavelength at some observing point and 
a the irradiance at wavelength A at some nearby observing point further 
from the sun; AX and @ will represent the separation between these two 
points and the extinction per unit length, respectively. If the distance 
between the two points becomes infinitesimal, then the relation is written: 

-dI Nees ye dx 
The incremental extinctiongdx may be rewritten 7 aM, in terms of relative 
optical air mass My and the extinction per unit optical air mass 7". The 
relative optical air mass Mh is the amount of optical atmosphere between the 
Sun and the observing point divided by the amount of optical atmosphere 
vertically above the observing point. 

Extinction of sunlight is primarily due to ozone and water vapor absorp- 
tion, and aerosol and molecular scattering. Expressed mathematically, 

gn eee 
where By by and ky are the aerosol scattering or turbidity coefficients 
as a function of wavelength per unit optical air mass, and absorption by 
the ozone layer or water vapor per unit optical air mass, respectively. 
Incorporating this relation: 

-d D [iy (By *by tky ) dM, 
invecratina this relation from the earth's surface to the top of the 


atmosphere we obtain: 


I) = (1, /sie Cee M Malm (1977) 
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where I, 0G the extraterrestrial irradiance of wavelength Xat the mean 
Sunearth distance, and S a correction factor for the mean sun-earth distance. 
Because most of the ozone of the atmosphere is above the observing point, 
regardless of its elevation above sea level, no height or pressure correction 
is necessary for Se specifically for ozone. Background atmospheric aerosol 
concentrations depend on altitude. However, often local aerosol contributions 
(aerosol due to wind blown dust, pollutants from stationary and mobile sources, 
etc.) tend to dominate the turbidity coefficient and By is consequently usually 
assumed to be altitude independent. The attenuation due to Rayleigh scatter- 
ing could have been corrected for altitude by multiplying by the ratio of 

P/P, where p is the station pressure and Po is the standard pressure at sea 
level. However, the correction used here was to take values from Elterman 
(1968) for the elevation of the Scobey Border Station (743 meters above sea 
level). 

Water vapor absorption does play an important role in affecting the 
turbidity measured. However, the sun photometer used in the first year of 
this study consisted only of two channels (380 and 500 nm). No relation 
could be made as to the effect of the water vapor, only correlations of 
surface relative humidities or synoptic air masses could be made. The water 
vapor band is centered at 940 nm. During the second year of the study a 
Second sun photometer containing five wavelength channels of 440, 500, 640, 
880, and 940 nm was obtained. 

In order to be able to compare | d with previous measurements of other 
Studies, the equation must be changed from the natural logarithm to the 
base 10 logarithm. The basic equation then becomes: 


i (Ty 10 exp (By tky +b) My 


a3 


Solving this equation for the turbidity coefficient gives: 

By = (log (Toy/1) S))/M, - bh a ky 
where Phil the scattering due to air molecules at height h. The resulting 
base 10 absorption and extinction coefficients per optical air mass are 
0.434 times the base e absorption and extinction coefficients. (malm, 1977). 
However, all results presented in this report are in base e and at station 
pressure, not sea level pressure. 

The sunphotometer does not measure the actual irradiance but rather it 

provides a meter deflection Jy in microamperes which is directly proportional 
to Ty . Similarly, J.., which is the instrument calibration factor, is the 


o> 


meter reading when the irradiance is I The diopter scale on the sunphoto- 


OW 
meter provides values of the relative optical air mass, Mae 

However, the relative optical air mass was calculated in this case by the 
following set of equations: 


m=sec oe for zenith angles 0 to 60° 


: 4 ~4 3.65 
m=Sec 8, $203% GY 1 See oe P/P, 
for sec O,21.5 
: « -4 2.69 
m=sec 0, B26 x6 100 sec 8. P/P, 


for. 1.5'< sec 0, <15.0 
where p= site pressure and Py Sea level pressure, and os = solar zenith 
angle (Hullstrom, 1977). The solar zenith angle may be calculated by the 
equation: | 
cos @ = sindsin§ + coscos& cost 
where: g@ = latitude of site (49° 00' for Border Station Site) 
& = solar declination for that day 
t = solar hour angle (angle between apparent noon and time of 


observation) 
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Solar hour angle = (true solar noon (MST) - 

12:00 MST + longitude correction - 

equation of time for date) x 15°/hour 
longitude correction = (site longitude - standard meridian (105 deg W) of 
mountain time zone) x 4 min/deg. longitude. 

The value obtained should be positive if the site is west of the meridian 
and negative if east. The longitude of the Border Station site is 105°25'W. 
Therefore the correction is + 1 min. 40 sec. 

The equation of time is obtained from standard astronomical tables 
(World Almanac, 1977) and varies from -14 1/3 to + 16 1/3 minutes. Beginning 
in 1978, the time of ephemeris transit (equivalent to true solar noon) was 
obtained directly from tables in the American Ephemeris and Nautical Almanac. 

The solar declination is also obtained from similar tables (American 
Ephemeris and Nautical Almanac) and varies from -23%; deg. on December 21 to 
+23' degrees on June 21. 

Using the same theory regarding turbidity and the sun photometer, 
measurements were made for two years over the 300 to 2800 nm broadband and 
for one year over both the 300 to 2800 nm and 300 to 700 nm wavelengths. 

The normal incident direct solar irradiance was measured continuously 
with two Eppley pyrheliometers. The one unit was unfiltered and monitored 
the 300 to 2800 nm wavelength while the other unit had a RG -8 filter which 
allowed only the 300 to 700 nm wavelength to be measured. This then allowed 
the indirect measurement of the 700 to 2800 nm wavelength which contains the 
region most affected by water vapor absorption. Similarly, two Eppley 
pyranometers were used to measure the same two wavelength bands as the 
pyrheliometers only this time measuring the total solar irradiance. From 


comparisons of the two measurement methods, an indirect measure was made of 
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the amount of diffuse or scattered solar radiation on a continuous basis. 
As with the turbidity measurements, all results for the diffuse radiation 


are given in base e, at station pressure and using the Volz (1959) method. 


A. Turbidity 

Tables 25 through 27 summarize the daily trends of the six channels 
of the sun photometer measurements. The 380 nm and 500 nm channel measure- 
ments extend over two years while the four remaining channels cover only 
eleven months. 

Looking first at Table 25, the 380 nm wavelength trend shows a marked 
increase of turbidity in the summer months over the remainder of the year. 
The summer averaged 0.25, 0.29, and 0.26 for 0900, 1200, and 1500 MST, 
respectively. The lowest turbidities occurred in the winter with values of 
0.10, 0.12, and 0.07 for 0900, 1200, and 1500 MST, respectively. The three 
time periods of 0900 to 1500 also showed a trend toward highest values at 
1200 and lowest values at 0900. 

Table 25 shows a very similar trend as the 380 nm wavelength for the 
500 nm wavelength. The summer season showed the highest turbidities of 0.13 
for all three time periods. The lowest turbidities occurred during winter 
although the autumn season also had low turbidities. The winter season values 
were 0.08, 0.07, and 0.05 for 0900, 1200, and 1500 MST, respectively. The 
diurnal trend was not as significant for the 500 nm wavelength compared to the 
380 nm wavelength. Over the annual period, little change in turbidity for 
morning to afternoon occurred. However, some individual months did show a 
trend toward highest values at 1200 MST. 

Tables 26 and 27 show the daily trends for the four remaining channels. 


All four channels show the same diurnal pattern as the 380 nm wavelength with 
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predominantly higher turbidities at 1200 MST. However, with the 940 nm 
wavelength the pattern is not as definite with 0900 and 1500 MST turbidities 
resulting in highest values for certain months. The 940 nm wavelength 
recorded the highest turbidities of all six channels. The 940 nm wavelength 
again is the most affected by water vapor channel. The 880 nm channel is 
least affected by water vapor and had the lowest average turbidities. 
Figures 8 and 9 show graphically the 1200 MST trend for each month 
for the six wavelengths measured. Figures 10 through 16 show the diurnal 
trend for each month from April, 1978 through October, 1978 for the six 


wavelengths. 


B. Diffuse Radiation 

Measurements related to the diffuse radiation and direct beam solar 
radiation are summarized in Tables 28 through 34. The tables break the 
Statistics into three wavelengths. These are 300 to 2800 nm, 300 to 700 nm, 
and 700 to 2800 nm. The 700 to 2800 nm band is the band most affected by water 
vapor absorption. The various statistics listed relate to the amount of 
diffuse or scattered radiation received versus that possible to receive pro- 
vided no scattering of the solar radiation occurred. 

Looking first at the diffuse sky irradiance for the 300 to 2800 nm wave- 
length, the values range from a low of 0.11 during November, 1977 to a high 
of 0.23 during June, 1977 and February, 1979. The trend appears to be 
toward greater diffuse radiation during the spring season and toward less 
diffuse radiation during the autumn and early winter seasons. Looking at 
the 300 to 700 nm wavelength the same general pattern is evident even though 
only a partial year of data is available. The 700 to 2800 nm wavelength also 
Show a somewhat similar pattern although not as pronounced as the other wave- 
lengths. 
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Probably the most important variable regarding air quality and 
visibilitv measurements is the extinction coeffieient. The 300 to 2800 nm 
wavelength extinction coefficient show a similar pattern to that of the 
Sun photometer turbidity measurements. Highest extinction coefficients 
are evident during the early summer or late spring while the lowest values 
occur during the late autumn to early winter. The extinction coefficients 
vary from a high of 1.04 in April, 1978 to a low of 0.35 in November, 1977. 
The 300 to 700 nm wavelength extinction coefficient shows the same pattern 
even though only a partial year of data is present. The coefficients vary 
from a high of 1.07 in August, 1978 to a low of 0.59 in January, 1979. 

The 700 to 2800 nm wavelength also follows this pattern with the highest 
coefficient of 0.55 occurring during during January, 1979. 

Statistics regarding other solar radiation variables are also given 
in the tables. Noting only one of these, the fraction of the total solar 
radiation possible that is diffuse averages around 30 percent. 

Figures 17 through 24 show the diurnal trends of the extinction coef- 
ficient for the three wavelength bands for the period August, 1978 through 
March, 1979. The pattern simply shows a peaking of the extinction coeffi- 
cient near mid-day and dropping off again toward evening. 

The various statistics and curves now available on the relative diffuse 
radiation and turbidity measurements establish a baseline of the relative 
visibility of the Poplar River area. Measurements of the parameters will be 
continued until the power plants start testing, at which time a final com- 
pilation of these measurements will be made for future comparisons with 


measurements made after the plants have been operating. 
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Figure 9 
Poplar River Area Atmospheric Turbidity Trend 


Monthly 1200 MST Average 
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Figure 10 


Poplar River Area Monthly Average Turbidity 
Versus Time of Day 


April 1978 
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Figure 1] 


Poplar River Area Monthly Average Turbidity 
Versus Time of Day 


May 1978 
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Figure 12 
Poplar River Area Monthly Average Turbidity 


Versus Time of Day 


June 1978 
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Figure 13 


Poplar River Area Monthly Average Turbidity 


Versus Time of Day 


July 1978 


Time of Day (MST) 


6/7 


Figure 14 


Poplar River Area Monthly Average Turbidity 


Versus Time of Day 


August 1978 
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Figure 15 


Poplar River Area Monthly Average Turbidity 
Versus Time of Day 


September 1978 
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October 1978 


Figure 16 
Versus Time of Day 


Poplar River Area Monthly Average Turbidity 
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Poplar River Area Monthly Average Extinction 


Coefficient Versus Time of Day 


September 1978 


Figure 18 
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Poplar River Area Monthly Average Extinction 
Coefficient Versus Time of Day 


October 1978 


Figure 19 
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Poplar River Area Monthly Average Extinction 


Coefficient Versus Time of Day 


November 1978 


Figure 20 
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Poplar River Area Monthly Average Extinction 


Coefficient Versus Time of Day 


December 1978 


Figure 2] 
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Poplar River Area Monthly Average Extinction 


Coefficient Versus Time of Day 


January 1979 


Figure 22 
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Poplar River Area Monthly Average Extinction 


Coefficient Versus Time of Day 


February 1979 


Figure 23 
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Poplar River Area Monthly Average Extinction 
Coefficient Versus Time of Day 


March 1979 


Figure 24 
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V, SUMMARY 


Two years of background air quality data for the Poplar River area 
are now in hand. Monitoring will be continued for background conditions 
until the first power plant starts operation late in 1979 or early 1980. 
At that time, monitoring to determine any change in the air quality para- 
meters will be initiated. A final report covering the entire background 
monitoring period is anticipated to be published early in 1980. Additional 
reports assessing the impact of the power plants on the air quality or 
visibility will probably be published after the power plants have been 
Operating for one year or more. 

This report summarizes the air quality, visibility, and meteorology 
of the Poplar River area for the two years of monitoring activity. A 
variety of monitoring methods have been used to develop the ability to 
distinguish any impact caused by the power plant emissions on the air 


quality of the area from that of meteorological effects. 
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Calculation of Solar Ephemerides For Solar Radiation Study 


Prepared by Mike Machler 


The following is a method of calculating the sun's declination and 
distance from the earth (or radius vector), plus the equation of time. 
Some simplifying assumptions have been made, but the errors resulting 
should be at least an order of magnitudesmaller than the calculated 
values. 


Definitions of certain terms used in the discussion are: 


Julian Day Number: the number of days that have elapsed, at 
Greenwich noon on the day designated, since Greenwich noon 
on January 1, 4713 B.C. The Julian Date (J.D.) corresponding 
to any instant, is the Julian Day number followed by the 
fraction of the day elapsed since the preceding noon. 


Ephemeris Time (E.T.): the independent time-argument of the 
ephemerides of the sun, moon, and planets. E.T. is theoretically 
uniform, since the length of the ephemeris second is fixed 
by definition. 


Sidereal Time: the hour angle of the vernal equinox; directly 
related to the rotation of the earth; equal intervals of 
angular motion correspond to equal intervals of sidereal time. 


Universal Time (U.T.): the precise measure of time used as the 
basis for all civil time-keeping. It is strictly related 
to sidereal time by equation 1), section II of this discussion. 


In practice, E.T. and U.T. are nearly the same, and can be used 
interchangeably for most purposes. 


In equations involving d and D, care must be exercised when 
adding the terms of the equation. For example: 


To calculate L from equation 2), section I, for March 7, 1960 


at On ELT. 

J.D. at OM on March 7, 1960 2437000.5 

J.D. at epoch of tables 2415020.0 

Interval in days, d 21980.5 
d 

T= 36525 ="0.'6017933 


L = 279969668 + 21,664°5284 + 0°0001 
Divide middle term by 360°: 


21,664.5284 = 69.1792 
360 


Take fractional part of above number and multiply by 360: 


= O 
.1792 x 360 = 6495284 39 


L = 270969668 + 6495284 + 090001 = 34492252 

In equation 1), section II, the AST must always be less than 
24 hours; if it is: greater, subtract 24 hours:> Inveqtations.2)ae3))s 
5), 7), 8), and 9) of section I, the answers must always be less than 
360°; if they are not, subtract 360°. 
I. Declination of Sun and Radius Vector 


1) d= (J.D. at time of observation) - (J.D. at epoch of tables) 


= Julian Date 


where J.D. 
J.DeCat epochvof tables ):=*2,415;302020 


Geometric Mean Longitude, of sui mean equinox of date, L: 


2) L = 2799696678 + 099856473354d + 020000226704 


where D=_ d 

10000 
Geometric Mean Longitude of sun, mean equinox of beginning of 
year, Lo: 


63) a at 8 2 
where p = 50.2564 + 0.0222T 


T = J.D. (time of observation) - J.D. (Beginning of year) 
365.24219878 - 0.00000614T 


seen 
36525 


Mean obliquity of the ecliptic, Ey: 


4) €y = 239452294 - 0°0130125T - 0900000164T° 
+ 09000000503T3 = Ey 


Let€y = €7> the true obliquity of the ecliptic. This ignores the 
term dé, the nutation in obliquity, which is always less than about 
9r0f arc. The correct equation is@7 7G) Ae. 
Apparent longitude of sun, Aj: 
5) Ape ly - PCS 20.47 
R 
where R is the radius vector. This equation ignores the nutation 
in longitude,AW, which is smaller than 9.2". 
Radius vector, R, (same as s - factor): 
6) R= a (1 = ecosE) 
where 


a 
e 


semi-major axis of earth's orbit = 1.00000023 A.U. 
eccentricity of earth's orbit 


90 


e= 0.01675104 - 9.90004180T - 0.000000126T¢ 
E = eccentric anomaly 


The eccentric anomaly, E, is calculated from Kepler's Equations 
E - esinE = M 
where M = mean anomaly = L - 


= 3580475833 + 009856002670d 
- 090000112D2 - 0900000007D3 


To solve for E, let Eg = M be the initial guess of the solution 
and E, +AEo be the true solution. 


Calculate 
Ma Eg eSINES 
and then 
AEy =M-™M, 
1 - ecOosEg 
Find EY +AE, and then repeat the process using Ey “AE, as the 


new guess. Continue until fen Ete Ke 

where k = ji". ‘ 

Note: all angles in the above calculations must be in radians. 
Apparent declination of sun, & 4: 


$= sine! [ simysing, + 44.488" x 10-74 


The second term it brackets may be neglected, since it is normally 


on the order of 3.0 x 10-6, leaving: 
Sa = sin-! sindys ines | 


Equation of Time 
Apparent sidereal time at gh UOT CAST: 


AST = Ry + 12h 


where R, = 189 38M 458836 + 8640184$542T 
+ 0s0929T2 


| This equation neglects the equation of the equinoxes (AY COS€), 


which is usually less than one second. 


Apparent right ascension of the sun at gh E.T.Xy: 


COS% = COSA 


COSE, 


Aj is calculated using equation 5), section I, and Sn is calculated 


from equation 9), section I. 
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fed must be expressed in hours, minutes, and seconds. To do this, 
add 360° to&a if it is negative; subtract 360° if it is greater 
than 360° and then divide by 159. This gives a value in decimal 
hours, which can then be converted to hours, minutes, and seconds. 


Equation of time, Ey: 


3) E = (2h + AST at 0" U7.) "ea at Ov ET.) 


W.M. Smart, Textbook on Spherical Astronomy, Sixth Edition. Cambridge Univ. 
Press 197 7 


Explanatory Supplement to the Astronomical Ephemeris and the American 
Ephemeris and Nautical Almanac. London: Her Majesty's Stationery Office 1961. 


92 


Vi 
a 


ee 


ara 


Cy 
tity 


ht to Rey rut ae M ; Pete ay y et x Y Hale 
: : i ie Pe) i : Oe oar i \ i Hanes if BTM IAY 
: : ‘ Aa) p . f fii i p atin iy AN a Bi 
' i} * 
me alee 
‘ 
w , 
; 7 : ‘} q * 
‘ 7 t Lat 
oa ile 7 ake me . L , ‘ ‘, ‘ i 
ca) 4 45 eR ae i : By i j i in 
: ie } ‘ 4 aol i ” : aot iat 
. ‘ oy ns 4 
: i 
\ 
) Be, 
r 
: : 
: ; ‘ 
ghia van 
. ‘ 7 
+ vt ? 
™% . - 1 
_ : 
j Pa 
‘ 
: oe 
' ’ i D i i 
3 : } 
i 


ay 


iy) 


f 
vy 


rane ie 


a y") 


She 


Scobey Border Station Site 


View fron southeast 
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Scobey Border Station Site 


View from west 


View fron north 
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Engberg Site 


View from south 
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Engberg Site 


View from east 
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Richardson Site 
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March 1977 April 1977 


Calm 1.0% Calm 1.8% 


MONTHLY WIND ROSES 
SCOBEY BORDER STATION, MONTANA 
September 1977 October 1977 


Calm 3.1% 


Th oe 


oO; 
hen 


November 1977 December 1977 


Calm .6% Calm 1.9% 


MONTHLY WIND ROSES 


SCOBEY BORDER STATION, MONTANA 


January 1978 February 1978 
Calm 2.8% Calm 0.6% 
Total Hours 712 Total Hours 656 


Monthly Wind Roses 
Border Site 
Scobey, Montana 


March 1978 April 1978 
Calm 0.8% Calm 2.0% 
Total Hours 717 Total Hours 687 


May 1978 June 1978 


Calm 0.6% Calm 1.3% 
Total Hours 721 Total Hours 623 


Monthly Wind Roses 
Border Site 
Scobey, Montana 


July 1978 August 1978 
Calm 1.0% Calm 3.4% 


Total Hours 715 Total Hours 320 


October 1978 
Calm 2.8% 
Total Hours 145 


Monthly Wind Roses 
Border Site 
Scobey, Montana 


November 1978 December 1978 
Calm 6.0% Calm 2.5% 
Total Hours 664 Total Hours 706 


January 1979 February 1979 
Calm 1.5% Calm 0.7% 
Total Hours 731 Total Hours 653 


Monthly Wind Roses 
Border Site 
Scobey, Montana 


$2.8 
March 1979 


Calm 0.4% 
Total Hours 727 


March 1977 April 1977 


Calm 2.0% Calm 3.5% 


MONTHLY WIND ROSES 


GLASGOW, MONTANA 


May 1977 June 1977 


July 1977 August 1977 


Calm 2.34 Calm 2.7% 


MONTHLY WIND ROSES 
GLASGOW, MONTANA 
September 1977 October 1977 


Calm 3.1% Calm 2.7% 


November 1977 December 1977 


Calm 5.1% Calm .h% 


MONTHLY WIND ROSES 


GLASGOW, MONTANA 


January 1978 February 1978 
Calim™2...47 Calm 3.6% 
Total Hours 248 Total Hours 224 


Monthly Wind Roses 
National Weather Service 
Glasgow, Montana 


March 1978 April 1978 
Calm 2.4% Calm 0.8% 
Total Hours 248 Total Hours 240 


May 1978 
Calm 0.8% 
Total Hours 248 


Monthly Wind Roses 
National Weather Service 
Glasgow, Montana 


S 
July 1978 August 1978 
Calm 2.1% Calm 0.8% 


Total Hours 243 Total Hours 246 


September 1978 October 1978 


Calm 3.0% Caim 3.3% 
Total Hours 233 Total Hours 240 


Monthly Wind Roses 
National Weather Service 
Glasgow, Montana 


November 1978 December 1978 
Calm 7.6% Calm 5.1% 
Total Hours 223 Total Hours 235 


January 1979 February 1979 
Calm 10.7% Calm 2.8% 
Total Hours 224 Total Hours 218 


Monthly Wind Roses 
National Weather Service 
Glasgow, Montana 


March 1979 
Calm 2.5% 
Total Hours 242 


MONTANA STATE DEPARTMENT OF 


CITY: 


DIR 
SPEED 
O.l- 1.5 
1.6- 3.0 
3-1- 5-0 
5.1- 8.0 
8.1-10.0 
10.1-14.0 
14.1-18.0 
18.1-22.0 
OVER 22.0 
CALM 
AV SPEED 
NO. HOURS 


SCOBEY 
PARAMETERS 


WIND ROSE 

N NNE N 
207 lel 
Oo? O04 
1.3 0.8 
1.4 0.6 
0.8 126 
0.0 Ool 
0.0 0.0 
0.0 0.0 
0.0 0.20 
0-0 0.0 
305 D5el 

492 33.4 2 


E 


1.6 
0.3 
Vol 
0.0 
1.0 
0.0 
0.0 
020 
09 
0.0 
309 
Le 


MONTANA STATE DEPARTMENT OF 


CITY: SCOBEY 
PARAMETER: WIND ROSE 
DIR N NNE NE 
SPEED 
O.l- 1.5 1.8 04 129 
1.6- 3.0 1.4 e lel 
3.1- 5.0 1-4 Ol O23 
5el- 8.0 0.0 Ves 0.20 
8.1-10.0 0.0 0-0 J.20 
10.1-14.0 0.0 020 0.0 
14.1-18.0 0.0 0.0 0.0 
18.1-22.0 0.0 0-0 020 
OVER 22.0 0.0 0-0 vJ.0 
CALM O-l O20 O.0 
AV SPEED Zen) Let” eo 
NO. HOURS 34. 25-4 246 


H>ALTd AND ENVIRONMENTAL SCIENCES 


ASENCY: AQB 

UNITS3 PERCENT 
ENE it ESE ' SE 
Q.6 28 ° Le? 
O00 1e* 1.0 048 
Joh Ocol 126 1.26 
Oo.0 Vel 1.3 1.63 
06.0 Oc3 O53 O20 
YeQ VJVeO 90.0 0.0 
0e9 0-0 0.0 0.0 
Jo0 UVeO Oe0 Q.0 
0-0 020 020 020 
Ooh VOeO Col Ool 
be 363 309 3-2 
be 240 3652 39-6 


AREAS 
SSE. 'S 
2el 1.6 
1.8 2.4% 
O68 4e4 
lel 1.6 
0.0 0.0 
0.0 0.0 
00.9 0.0 
0.0 Q.0 
0.0 0.0 
0.0 0.0 
208 304 
42-2 T00 


SSw 


lol 
200 
303 
1.7 
Oel 
0.0 
0.0 
0.0 
0.0 
Oo1 
306 
596 


HEALTH AND ENVIRONMENTAL SCIENCES 


ABENCY: AQB 
UNITSs PERCENT 
ENE c ESEr *SE 
1,5 1Le% ° 1.3 
Oe? 124 e 0.8 
0.6 1.1 O68 Lel 
00.0 Ve 003 1Le% 
0.0 3-0 0.0 026 
0-0 0-0 0-0 0-0 
0.0 0.0 0-0 06.0 
00-0 00.0 0.0 0-0 
0-0 U.0 0-0 0-0 
0.0 O.1 O.0 Ol 
1.8 207 304 369 
200 te 9. 38-6 


AIR QUALITY BUREAU 
POPLAR RIVER 
COLLECTION: CLIMATRONICS 


SW 


ir) 
oo oO WH B&B © © 


©: Or OF OF Se O- ©. 
° 


Ww Oo © 
® e e 
ore oO 


WSW 


1.0 


5.0 
32. 


SITE: 

DATE: 

bt WNW 
2.0 1.8 
e 04% 
Zl be3 
204 128 
1.8 O.7 
0.0 0.0 
0-0 0.0 
0.0 0.0 
0-0 0.0 
0.3 0.0 
4o7T 404 

70. 43.6 


NW 


1.8 
0.0 
0.0 
0.0 
0.0 
0.0 
49 
87. 


AIR QUALITY BUREAU 


AREA: POPLAR RIVER SITE: 
COLLECTION: CLIMATRONICS DATE: 

SSE S SSW SW oOWSW OW WNW 

Cie tsa) 8: Oni Mal. lel 
LSS. Qh 152.8 ‘ON, A Ose = O32 Ooe: 
Lot 3330. W988 Was oe, 9 
O56 LeUB PSE W LS SWS e229 32 
O34 ONE OXON ORO YO'L WSS » “Lee 
060% O8OM"OS04 050 110607 OF0., 02,0 
OOH CSO 00» O20 | O04 004)-O210 
OO") (OSOW 050% 0504 050 O04 ‘O00 
Ost OOD ON0K OOK OO 7050.) O10 
OSs) OSOW ONOW OLY Onsen Only ‘Ot 
2 ow MON (28s. Sixi4e, 3x8 Sidi Se2 
G32 [TIBET 65S p44e, 5S 1et S56) 157s 


APRIL 
NW 


202 
202 
2.8 
44 
1.7 
0.1 
0.0 
0.0 
0.0 
Oo.1 
4.7 


HELENA» 
BORDER STATION 
MARCH L977 


MONTANA 


NNW TOTAL 
° 23-6 
1.7 17.3 
2ol 24.3 
25 2301 
0.7 10.6 
0.0 Oel 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 1-0 
Gel 
64. 707. 
HELENA», MONTANA 
BORDER STATION 
1977 
NNW TOTAL 
202 25.8 
1.7 19.0 
302 2402 
1.4 20.8 
1.5 8.2 
0.0 OL 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.1 1.8 
4.0 
73.6 720. 


98. 


MONTANA STATE DEPARTMENT OF 


CITY: SCOBEY AGENCY: AQB 
PARAMETER: WIND ROSE JNITS: PERCENT 
DIR N NNE NE ENE €E ESE SE 
SPEED 
OolL- 1.5 Os 0 Ni2e4 a6. Oni k2 yi lise he be ted 
1.6- 3.0 Ons BeSwilicln 204iy Meee be 212.6 
3.1- 5.0 24000) Leeds 204s 30 6- 408%, :264 
5.1- 8.0 0.0% 080s 060% 0600 45.8). 650%, Lo2 
8.1-10.0 OOH (0607, 0.00.0 050; O60, 24 
10.1-14.0 050/000. 02055020; 05,07 0.0) 050 
14.1-18.0 0.0%) 0.0: .000), 0.00.0. 0.0. 0.0 
18.1-22.0 0006) 0606 020 050G2050. 0.0), 00.0 
OVER 22.0 050%. 3-0505 - 0.00, O40) 20% 00:0. 0 0.0 
CALM 0.0% 0.04, 060-0 Ls2): 060) 0-0, "0.0 
AV SPEED 3.6% Ve Leo 2eb) 469) /AeT. 408 
NO. HOURS 2s 4 Se: Shee np be. Oe “Rie 266 


MONTANA STATE DEPARTMENT OF 


CITY: SCOBEY MT AGENCY: AQB 
PARAMETER: WIND ROSE UNITS: PERCENT 
DIR N NNE NE ENE “E ESE.-"SE 
SPEED 

O.E- 1.5 Tol 406 607 3.3 
1.6- 3.0 lel! O60 O89 Leh S02 2e2" 08:6 
3-1- 520 06.4 Oe2 Oe2 AeD Ao2 DeO 104 
5el- 8-0 0.0 0.0 0.0 0-0 0-0 0.6 0-0 
8.1-10.0 0-0 0-0 0.0 0-0 0-0 0.0 0.20 
10.1-14.0 0-0 0-0 0.0 0.0 0-0 O.0 0.0 
14.1-18.0 0-0 0.0 0.0 0-0 0.0 0.0 0.0 
18.1-22.0 0-0 0.0 0.0 0.0 0.0 0.0 9.0 
OVER 22.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 
CALM 064 Oe2 O60 Oo2 O60 Oe2 D2 
AV SPEED be2’ Lek LSU bee FB les ts5 
NO. HOURS 48. 276 34.2 282 656 40.6 24. 


HEALTH AND ENVIRONMENTAL SCIENCES 


AIR QUALITY BUREAU 


AREA: POPLAR RIVER SITE: 
COLLECTION: CLIMATRONICS DATE: 
SSE: S$ SSW Sw WSW OW WNW 
° 3.6 326 2 bees O07 ee 
0% Le2 1Le2 ° ° 0-0 20 
QeO Le2 Le2 Le2 204 O40 0.0 
206% 0.0 Le2 Le2 O60 O60 0.0 
40.8 0.0 0.0 0-90 0-0 O.0 0.0 
0-0 0-0 0-0 060 0-0 O-0 O.0 
Qe0 O60 O60 OeO0 Oe0 DO 10.0 
020 0.0 0.0 0.0 0.0 0-0 0.0 
0-0 0-0 000 020 0260 O60 Q-0 
0.0 0.0 0.0 0-0 0.0 1-2 0.0 
609 2el 2e7 326 206 O40 OT 
Be 5 66 3 40 le 2. 


AREA: 
SSE “45 
2.8 

Ve 1.7 
Ole Nz0e0 
0-0 0.0 
0-0 0.0 
0-0 0.20 
0.0 0.0 
v0 0.0 
0-0 0.0 
0.0 0-0 
Vetialies 
21s 1 336 


HEALTH AND ENVIRONMENT AL SCIENCES 
POPLAR RIVER 
COLLECTION: BENDIX-FRIEZ 


SSW 


2.8 
lel 
0.4% 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
064% 
se} 
256 


HELENA, 


MAY 1977 

NW NNW 
1.2 3.6 
0.0 204 
0.0 0.0 
1-2 0.0 
0.0 0.0 
0e0 0.0 
0.0 0.0 
0.0 C.v 
96 1005 
0.0 Ooc 
4-1 1.5 
20 Se 


AIR QUALITY BUREAU HELENA, 


SW WSW 
ef 0.6 
°6 026 

0.0 0.6 
0-0 O.2 
0-0 0.0 
0.0 0.0 
0-0 0.0 
0-0 0.0 
0-0 0.0 
0.0 0.0 
1-6 2.8 
7. 10. 


MONTANA 


BORDER STATION 


TOTAL 


2928 
2022 
2226 
17.9 
Tol 
0.0 
0.0 
0.0 
0.0 
20% 


B46 


MONTANA 


SITE: BORDER STATION 
DATE: SEPT 1977 
W WNW NW NNW TOTAL 
3-0 4.5 524 65.9 
1.9 20-266 266 25.0 
0.4 O.6 O.7 1.) 5.8 
0.0 0.0 0.4 0.6 lel 
0.0 0.0 0.2 0.0 0.2 
0.0 0.0 0.4 0.0 0.4 
0-0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0-0 0.0 0-0 O02 1.7 
Ve (am dels 205 17200 
280, 495 1 4761) aie 539. 


| 


i 


MONTANA STATE DEPARTMENT OF 


CiTvs SCOBEY MT 
PARAMETER: WIND ROSE 
DIR N NNE NE 
SPEED 
Ol- 1.5 Ze2iib eo. Det 
1.6- 3.0 O55 Eles Ost 
3.1- 5.0 0.0 2Oe1 110.0 
5.1- 8.0 0.0 0.0 0.0 
821-1020 0.0 0.0 0.0 
10.1-14.0 0-0 0.0 0.0 
14.1-18.0 0.0 0.0 0.0 
18.1-22.0 0.0 +050) 0.0 
OVER 22.0 020,500 1:00 
CALM Ont) (064 05.0 
| Av SPEED Pe20 e406 
NO. HOURS Qe 2505) Os 


MUNTaNA STATE JEPARTMENT OF 


CATV: Suobey MT 
PARAMETER: aAIND ROSE 
DIk N NNE NE 
SPEED 
(5 eos Ss 206 lel 
1.6- 420 Oo.% Oel Oc6 
Bel— Fou 0-0 O60 Oel 
Die '3\0.0 0.0 V0.0 VJ.-0 
be1-10.U 0-0 0.0 0.0 
tUel-14.eu Je0 0.0 VJ.0 
14.1-16.0 00.0 0.0 0.0 
18.1i-22.u 0-0 O40 Us0 
UVER 22.0 0-0 Q.0 0.0 
CALM 008 063 006 
Av SPEEL 0.9 1.22 1.2 
NL. HOURS ZO Vie Ts 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY: A 
UNITS: 
ENE. We 
0.5 
0.4% ° 
0-0 0.3 
0-0 0.20 
0.0 0.0 
0e0 0.0 
0.0 Q.0 
0.0 Q.20 
0.0 U.9 
Ool OO 
165 126 
Be 45.6 


QB 
PERCENT 
ESE) S& 
2.8 3.0 
Lle5 Le2 
0.8 0.8 
0-0 0.3 
0.0 0.0 
0.0 0.0 
0.0 0.90 
0.0 0.0 
0.0 0-0 
Ol Ool 
1.9 2.0 
39-2 40. 


AREA: 
SSEtGus 
508 505 
200 08 
1-8 2.0 
0-0 1.3 
Ve 0.0 
0.00 0.0 
0.0 0.20 
0-0 020 
0-0 0-0 
003 O04 
Le8 204 
T35 OTe 


SSW 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY AQB 
UNITSs PERCENT 
ENEMFVE ESE SE 
lel 120 123 265 
Oe6 Ved Ool Ile? 
OQel 12265 Oo3 lel 
0-0 O06 O.4 ILel 
0-0 Vel 0.9 O20 
UVeOQ Oel O20 020 
0-0 0-0 0.0 0.0 
0-0 0.0 0.0 0.0 
0-0 UeO 0-0 QO-0 
0.3 Uel O-0 O23 
1.3 328 2-5 27 
152 27-2 150 48. 


AREA: POPLAR RIVER 
COLLECTION: CLIMATRONICS 
SSE $ SSW SW WSW 
2el 3062 363 1263 124 
de2 400 lel O20 O04 
le? 328 lel Oc7 Lel 
1-0 123 1.20 Qe O08 
VeO O66 O23 Oo% O46 
UVeQ O60 Ool Ool Ol 
020 O0c0 0.0 O20 0-0 
VeO O.0 02-0 0-0 0-0 
Ve0 O20 02.0 0-0 0-20 
Ved O66 063 O64 020 
206 269 20€8 328 402 
592 9654 522 260 366 


POPLAR RIVER 
COLLECTION: CLIMATRONICS 


AIR QUALITY BUREAU 


Swi wSwW 
1.3 1.8 
lel 009 
163 08 
O.7 1le2 
0-0 Ool 
060 004 
0-0 0.0 
0.0 0.0 
0.0 0.0 
0.1 0-0 
208 4e2 

340 396 


AIR QUALITY BUREAU HELENA, 


HELENA, MONTANA 


SITEs BORDER STATION 
DATE: OCT 1977 
W WNW NW NAW TOTAL 
1.9 366 406 366 47.4 
202 320 22% 2.20 2702 
1.3 0.9 O68 0.3 12.4% 
1.9 led Ocl 020 705 
06% O25 0.0 90.0 Lol 
0-8 0.0 0.0 0.0 L.2 
0-0 0-0 0-0 0-20 0.0 
0.0 0.0 0.0 0.0 0.0 
0.90 0.0 0.0 0.0 0.0 
0.3 O.3 Ool O03 301 
405 3-0 169 106 
652 722 606 “466 742.6 


SITE: 

DATE=: 

W WNW 
1.4 1.3 
1-0 0.8 
1.4 1.28 
200 302 
1.0 1.7 
1-6 1.8 
Ool 024 
0.0 0.0 
0-0 0.0 
O-lL 0.3 
527 bel 

57. 8le 


MONTANA 


BORDER STATION 


NOV 1977 
NW sONNW 
10 ewsT 
0.7 ).2%9 
234, 0225 
2o2 124 
225 008 
0.4 023 
0.0 0.0 
0-0 0.0 
OSLO wOoT 
Osh biOed 
528 1424 
61. ites 


TOTAL 


27.1 
18.8 
2022 
16.6 
129 
420 
0.6 
0.0 
0.1 
426 


717. 


MONTANA STATE DEPARTMENT OF 


HEALTH AND ENVIRONMENT AL SCIENCES 


AIR QUALITY BUREAU HELENA, 


MCNTANA 


CITY: SCUBEY AGENCY: AQB AREAs POPLAR RIVER SITE: BORDER STATIGN 
PARAMETERS? WIND ROSE UNITS: PERCENT COLLECTION: CLIMATRONICS DATE: DEC 1977 
DIR N NNE NE ENE: 5 & ESE, — SE SS'E. cS SSwoOSW WSh WwW WNW Nw NNw TOTAL 
SPEED 

Oeil] LS 1.6 O08 U4 1-6 lel 1-1 O29 Le Ve3 (O88), 009) We2) Led Ved 20.4 
126-320 Ld ° 008) Oe) 2/008) i2e0) Pedy di eD)) | 20) 9003) 0 oil 0:4 05:5: 0s8 bs6) hed 17.9 
Bel= 50 "OS Ta s4Ow Ah) Oe Bh, 20a dn big 2) '2e3iy 10/5) is B) UtIS Deh Oe) Oi 2k) 20/8) Gie2 ret 26.0 
5el- 8.0 0.3) 040 063 Le2 2e% ile2 O44 Vel O-0 O.1 O1 . O44 Lee 365 6-2 eB 18.4% 
821-1020 O00 VeV VeV VeVD 2-0 0468 Oe0 VeD O20 060 VeO DeK’ O65 22 268 063 9.4 
10.1-14.0 0-0 VeO VeVD VeV VeGS D-O OO VeRO OOD 0.0 VeD DeZ ODO 1-6 264 0-0 5el 

14.1-18.0 000 VeDO IoD VDeV VED DeD O20 YeO O60 O60 0-0 O60 O10 Ce? OL 0-0 0.8 

18.1-22.0 O00 VeO VeDO VeV VeD VeD GeO VeOD O20 060 VO 0-0 0-60 0.0 VJVe-O0 0-0 0.0 

OVER 22.U Oe0 9-0 VeO DeV VeO D200 000 VeD O20 060 020 020 060 0.0 0.0 02-90 C.0 

CALM DoF V6 GV eDi i Ved Ook Ost, NOD) vieO! Visas’ (O60) KOeS) KOs SOs] Cal: (O60) 10510 1.9 

AV SPEED LoS. he D Drel , nde. B06: HSieWi nee 5204  12'0'0 “eek jileD 500 K4e3> 160% (650) 3%. 

NO» HOUKS B30 Ee ii Le, 220.4 Abe 9604 Lee 2306, Ae (93en ile. 25ie, 450.) 96s SBS 505 141. 
MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONPENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
SITE: 340001 YEAR: 1978 MONTH: 1 

WIND ROSE FREQUENCY TABLE 
DIR N NNE NE ENE ECE ESE SE SSE". S SSW soSh WSh ok WAW NW NNW TOTAL 
SPEED 
O.1- 1-5 202 Le 1468 Lel 164 CoB 165 200 406 ° 200 Ceo4 Cvo€é ol 263 
L.6- 3.0 LoS RSL Os6e Coe el) i Ce6, he PA ana Ie yD § eo? Co 1.C 0.8 1.23 2202 
3e1- 5.0 1.3 0.6 1.68 160 264 CeB 1164 1-65 2ef ° 200 164 168 e 2422 
5-l- 8.0 0.0 0.0 0.3 Gel 205 Ooh Le4 CoB CoO 0.0 ° Ceo? 2C 164 229 ° - 14.6 
821-1020 0.0 0.0 0.0 Q.0 21 Col Co.4 Cel Oo% Oc.4 CoG 269 6.3 
1021-1420 0.0 0.2.0 060 0.0 %.% C0 CoC Col CoC C Ce CeO O64 Co3 Il 4el 
14.1-18.0 0-0 0-0 0-0 O-0 0-0 C.0 Ceo C.0 c.d dQ. ° 0.0 0.0 O.1 0.0 2 C.4 
18.1-22.0 0-0 0.0 0.0 @.0 0.0 9.0 0.0 C€.0 0.0 20 0.0 0-0 C€.c 4.0 C.0 
OVER 22.0 0.0 0.0 02.0 0.0 020 C.0 C.0 CC CoC C-0 C.C C.C0 20 0.0 C.0 
AV SPEED LeD 19 207) (206 (505 304) '3e Z2ol 202 207 ° 3. Sie0" Sici2 S29 Se 
CALM 206 
NO. HOURS 36. 1226 (320 190 Wie) 260 450 (49. 896. Veo NBs Se Ste 130s “Ste, 94 712. 


MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL 


SITE: 340001 


WIND ROSE FREQUENCY TABLE 


DIR 

SPEED 
Oel~ 1.5 
1.6- 3-C 
3-1- 5.0 
5el- 82C 
8.1-10.0 
17.1-14.0 
14.1-18.C 
18.1-22.0 
OVER 22.0 
AV SPEED 

CALM 

NC. HOURS 


N 


320 
1.5 
0.5 
0.2 
020 
0-0 
0-0 
0.0 
0.0 
1.8 


YEARS 1978 
NNE NE 
1.8 ° 
3D eo 
O02 06 
00 020 
Oo 0.0 
0-0 0.0 
00 20 
20 e3 
260 346 


34s 


MONTHS 2 
E ESE 
lel C3 
0.6 C2 
0.9 1.4 
Lo? 226 
0.6 3.7 
0.3 7.0 
0.0 362 
0.0 C.0 
0.0 0.0 
5el 1C.5 
34-2 12C. 


Les 


1.1 
Co9 
2.0 
0.2 
C.0 
0.0 
508 


63.6 
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@IND ROSE FREQUENCY TABLE 


DIR 
SPEED 
(0) 5) Ua EAs) 
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Ze1l- 5.C 
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3e1-10.0 
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14.1-18.9 
18.1-22.0 
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0.0 
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NNE NE 
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0 26 
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305 06 
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61. 21. 
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S SSw 
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° 0.0 
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C.0 


656. 


MONTANA 


TCTAL 


2729 
19.5 
2504 
1é.1 
€ol 
226 
C23 
c.0 
0.0 


717. 


MONTANA STATE DEPARTMENT OF HEALTH ANO ENVIRONMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
SITE: 340001 YEAR: 1978 MONTHS 4 | 
WIND ROSE FREQUENCY TABLE 
DIR N NNE NE ENE € ESE) SE SSE. .S SSw Sk KSSH ob WAR NW AN TCTAL 
SPEED 
Oelsi bed Dre 3 > Up0 0), Os Dei! CeO i Leen bold fCeity VCs Mle Cie Ce li Ce Si Geis CoS. CoS 1.0 11.2 
1.6=' 320 Vie 6). Dje By) Ye Qo Loud Let hed: Ve. Cs 34s Coby oe Coll, Cet OS 3 0S) Ce 3 Co? 1C.8 
Je l= Ss 0 5 beds On 6. . Lots (308s Poet (2B 2095 KO eT ep Ded 2 OG. ele) Ot “22, Veils O25 Nee 31.0 
5.el- 8.0 Oo3) 1000) O04: 4 209. 8S el) 4020405, VeO 003s CeiGy i GelEw) Lele Ls 5, 10d ° C26 26.3 
8.1-10.0 Dol Oe (O60 Ged Led 02038 208) CoG 1006s (O20. Ged. Ook Cod  sS0 1Ls2.. Ce3 1C .6 
10.1-14.0 00-0 060 O00 QeO 125 166 Co6 CoC CeC OeC AO Oe? 2e2 125 C0 8.6 
14.1-18.0 0.0 0.0 060 0-0 0.0 CeO CoC CoO C.C 0.0 0-0 0.0 0.6 C.0 0.0 0 6 
18.1-22.0 0.0 0260 0690 Q0.2.0 020 Oc0 O60 CoO CeO O-0 OeC Aol O64 Cel e c.Cc C7 
OVER 22.0 0.0 9-60 020 0-0 O60 Co0 Oo0 Co0 CoC C.0 CoC O.C C.C Col 0.0 Cel 
AV SPEED 209, 2he2. 3206) 409. S0T) 600. r6e€: Gel, 2eOi3e3, 136851 S467 109..  b00.. 6s3, 43928 
CALM 14. 
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MONTANA STATE DEPARTMENT OF HEALTH AND ERVIRCNMENTAL SCYERCES AIR QUALITY BUREAU HELENA, MONTANA 
SITE: 340001 YEAR: 1978 MONTH: 5 

WIND ROSE FREQUENCY TABLE 

DIR N NNE NE ENE € ESE: SE SSEs, 3S SSW SW wWSW Ok WNW NW NNW TOTAL 
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18.1-22.0 0-0 0.20 0-0 0.0 O40 C.0 0.0 CeO QC CoC Co CeO CoC C.C O20 Q.0 
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MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL 
SITES 340001 
WIND ROSE FREQUENCY TABLE 


DIR 
SPEED 
Oeal> £5 
1.6- 3.0 


321- 5.0°- 


5el- 8.0 
8.1-10.0 
10.1-14.0 
14.1-18.90 
18.1-22.0 
OVER 22.9 
AV SPEED 
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NO» HOURS 


MONTANA STATE DEPARTMENT 
SITE: 340001 
WIAD ROSE FREQUENCY TABLE 


DIR 
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5o1-1 80 
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MONTANA STATE DEPARTMENT 


SITE: 340C0l YEAR: 1978 
WIND ROSE FREQUENCY TABLE 
DIR N NNE NE 
SPEED 
Ool- 1.5 2el 009 
6-320 0.9 0.3 
3e1l- 5.20 4 04 ° 03 
5el- 8.0 0.8 ° 0.0 
8-1-10.0 000 0.0 
10.1-14.0 0.0 0.0 
14.1-18.0 0.0 O-2 0.0 
18.1-22.9 0.0 20 020 
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NO. HOURS 54. 24. 10.6 
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MONTANS ST4TE CEPARTMENT OF HEALTH ANC ENVIRONMENTAL 


SITE: 340001 YEAR: 1978 
WIND ROSE FREQUENCY TABLE 
DIR N NNE NE 
SPEED 

Ole Vaz 125 0-6 lel Ov 
1.6- 3.9 O13)" 02.0 

Ze LS Sail 0.3 Oeol 

Deli ').8 0 C Ool Get 
821-100 0.9 Oel 
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MONTANA STATE DEPARTMENT OF HEALTH ANC ENVIRCNMENTAL 


SITE: ~24CCCI YEAR: 1979 
WIERD RCSE FREQUENCY TABLE 
DIR N NNé& NE 
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ISITE: 24CCO1 
“WIND RCSE FREQUENCY 1B 
CIR. N WE ON 
SPEEC 
iG oles otis. als 
ee 3.C Le0. es 
Z.1- 5.C 28 12:35 
5.1- &.C O58 7 dO 
| 8-1-1C.C 0.0 
110.1-146C 3.0 
114.1-18.9 060 20 
/18-1-22.C Ce 
OVER 22.C QO". 20% 
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HEALTH AND ENVIRONMENTAL SCIENCES 

AGENCY: NWS 

UNITS3 PERCENT CATE: MAR 
ENE, SE ESE TSE SsEa7S SSW 
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MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
CITY: GLASGOW AGENCY: NWS 
PARAMETER: WIND ROSE UNITS: PERCENT DATE: APR 1977 
DIR N NNE NE ENE E ESE) SE. (SsE™S SSW SW WSW W WNW NW NNW TOTAL 
SPEED 
O.l- 1.5 Os1 O20 020 063 Uso Ose OL4- Os6 "O68 2080 “Ose 0.3) “OST “Oem (1053 11064 504 
1.6- 3.0 262 Ved Oc O54) Ree Deb MET “OST. BSB LOT) Wes (Oy ee S55) Sed, es CET) 
3.1- 5.0 “O.8 Lael Ost Get Ted “929 (284 Ga ESS) Osa sO PES. 2 Dies) Ke eT 3226 
5e1- 8.0 Oc? Oc% “Os O64 PsO (YI9° “TOO. 201 286 YOs4: 053 O04 ey $422 356° Mes 23.7 
821-1020 0:6 060 020 Oc 00 “O20. 061 [Os1 033° 0.0. 020 1020: “Os7 “Wer f2s2 gis 724 
10.1-14.0 0.0 O0c0 060 060° 0s0 0.0 020 0.0 '050 “020° (O30: “O20 S054: Vd36, GSs3). 1053 2-5 
14.1-18.0 Oe0 OcO Oc0 020 “0.0 “Oc0 “050° 0.00250 050° 020° 060 +050 (020 YOsn 4040 0.1 
18.1-22.0 0.0 0.0 00 060. Oc0' "O20 YOU “O50 060: 14050" 050). 1020050; 4020) “050 4050 0-0 
OVER 22.0 0.0 0.0 02:0 030 0-0 00° Geo Yus0'' O50 050) tOs0 “O20; “Oso: todd tos0 “020 0.0 
CALM 3.5. 020 026 620. 020 “050. "O80 ‘020 “O20 “020 Oso “0s0 "O50 TOs0 tO.0: “050 365 
AV SPEED 3.0 329 455° See 401 “Sel. 4620 429-450), 453) S54" Bat -Ss25s4) 6520 asco 
NO. HOURS 57. 202 Ite” 140° BLS 103639468" 396 A6Ts ON". 21s 2284 SOs e5a5 96 ee 550 720. 


MONTANA STATE DEPARTMENT OF 


ClTY: GLASGOW 
PARAMETER? WIND ROSE 
DIK N NNE WE 
SPEED 

Oe LS ied OieO--, Orel 

1-6- 3.0 ° Loki Weck 

36 l=: 5:50 Tvethy 069) ed 

Die T= (8210 063) 906%) O64 
8.1-1lvU.V Ool DUoet Vell 
10.1-14.0 . 00-0 VJeDO Ve-U 
14.1-18.U VeO UeDO VUeD 
18.1-22.0 VeV OUeV VeV 
OVER 22.0 0:0, Oss Oni) (00 
CALM 2) 0.005.010 
AV SPEED Bio 3 i) be Iie S109, 
NOs HGUKS BOs. M236 nels 


HEALTH AND ENVIKONMENT AL SCIENCES 


AGENCY: N 
UNAT 32 
ENG) cE 
Qel Ue% 
Oof 1.25 
Vet Sad 
Os % 3.26 
Ved Vee 
0-0 J.0 
0-0 0-0 
0.0 V-.0 
ve0 020 
0-0 UeO 
4-1 429 
242 =08e 


wS 
PERCENT 
ESE. OSE 
Qol Ool 
Ls9. ies, 
4.0 226 
4.3 1.5 
Bie Gui Le 
CeO Ol 
0.0 0.0 
VeD O20 
GeO OV 
000 O20 
56 9} Die 
L040) )\ 526 


DATE: 
SSIES 
Viel, 023 
ite: e 
des. 3)4)) sire 9 
Ue8 064 
Vie ki) Oe l 
Jve0 0.0 
JeO O00 
JeO O20 
ve 020 
UveO O20 
+ef 3.8 
Ser eteie 


MAY 
S Sw 


0.0 
Oo4 
1.6 
Oo7 
0.U 
0.0 
0.0 
O.U 
0.0 
O20 
4.5 
20. 


1977 
Sw 


0.U 
220 
1.9 
1.6 
0.0 
0.0 
0.0 
0.0 
0-0 
020 
4o2 
4l. 


AIk QUALITY BURCAU HELENA, MONTANA! 


WSW WW WNW NW NNW TOTAL 
0.5 O04 5 0.1 Ol 3-0 
lre3) 5 Sie2 Cs 1.6 O28 21.2 
Led, 4013 9260) Zeit Oss 3301 
2e3) Set ~ 56s le6) 71Os4 28e2 
OsSy Ve D  niee10) 7 Cao 060 11.6 
OS OW Oels . Ceo 0k ORO 0.9 
0-0 0.0 0-0 O20 0-0 0.0 
0-0 O60 C.0 0-0 O00 0.0 
0.0 02-0 6.0 0.0 G.0 0-0 
0.0 0-0 0-0 0.0 020 2.0 
408) 49-666"  Selk | 3ia8 

402 G6e 84. 54. 160 144.0 


CITY: GL 
PARAMETE 
DIR 

SPEED 
O.1- 1.5 
1.6- 320 
3e1- 5.0 
521l- 8.20 
8.1-1020 
10.1-14.0 
14.1-18.0 
18.1-22.0 
OVER 22.0 

CALM 

AV SPEED 
NO. HOURS 


MONTANA STATE DEPARTMENT OF 


CITY: GLASGOW 
| PARAMETER: = WIND ROSE 
| DIR N NNE NE 
| spEeD 
o.1- 1.5 Oe 
iBiec- 3.0 pase 023" ie 
Bei 5.0 139 06) 105 
Bal= 8.0 ie 1254, O24 
B.1-10.0 1545/00. 024 
M1420 0.4 0.0 0.3 
4-1-1820 0.10. 0505 020 
ise =2250 HON) 040 2040 
}OVER 22.0 tio 020° O40 
CALM 265) 080 4.9.20 
AV SPEED 422% S41 520 
IRB THOURS (70. (17. 305 


HEALTH AND ENVIRONMENTAL SCIENCES 
AGENCY: N 
UNIT 3: 


cNE 


0.3 
1.4 
Lot 
0.8 
Oat) 
0.0 
0.0 
Ve 
Orne) 
0.0 
329 
356 


MONTANA STATE DEPARTMENT OF 


AS GOW 
Rs WIND ROSE 
N NNE NE 
0-0 QO. 3 
1.9 0.9 ° 
ZeiOe sh Liodss) 1 20f 
1-6 069 025 
0.3 020 0.0 
0-0 0.0 J.0 
0-0 90-0 QO.0 
0-0 020 0-0 
0-0 0.0 QO.0 
Ze Ab A0ie.0\m #0)0.0 
308 4-0 4.1 
60. 25.2 22. 
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Wis (O22 On’ Oa Wi Ui. On WO: 


OFS 1.30) Se ies Ni 
Ctl an eel | 
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18 


WS 
PERCENT 
ESEP.S'E 
0.3 Oo1 
208) 163 
5-0 1.9 
7.8 lel 
264" 163 
0.4 Oo1 
0.0 0.0 
0.0 0.0 
0-0 0.0 
0-0 0.20 
Sef” Seid 
134. 46. 


DATE: 
SSIES 
Ves 023 
ve3 1-7 
104 1-44 
1.0 004 
v0 0.0 
VeO O20 
v-O O.0 
veO0 0.0 
UeO GO.0 
JeO O.0 
+o6 3.5 
ZL iei 206 


AIR QUALITY BUREAU HELENA, 


JUNE 1977 

SSW SW 
lel 0.8 
0.0 0-0 
0.0 O.0 
0-0 OO 
0-0 0.0 
0.0 0.0 
0.0 0.0 
0-0 0.0 
Set" Bek 

13. 10. 
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AGEN 
UNI 
ENE 


0.0 
0.5 
1.6 
0.5 
0.0 
0.0 
0.0 


CY: N 
TS: 
E 


WS 
PERCENT 
ESE. SE 
0-0 0.3 
1-5 0.9 
4o2 lel 
4e.% 208 
0.8 0.3 
0.0 0.0 
0.0 0.0 
0.0 0.20 
0.0 0.0 
0.0 0.90 
50% Sel 
83. 456 


D 
SSE 


ATE: 
S 


WSW 


1.8 
0.1 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
204 
17. 


JULY 1977 
SSW SW 
0.4 Ol 
0-5 023 
0.4 025 
0-5 0-1 
0-0 0.0 
0.0 0.0 
0-0 0.0 
02.0 020 
0.0 0.0 
0.0 0.0 
328 36% 
14. 8. 


W 


0.3 
226 
Zs) 
0.8 
0.1 
0.0 
0.0 
0-0 
0.0 
0.0 
3.7 
466 


0.0 
S28 
V1. 


1.3 
0.3 
0.0 
0.0 
0.0 
0.0 
del 
65-6 


NNW 


0.0 
4.5 
40. 


TOT 


2 
3 
2 


72 


AL 


4.2 
1.5 
1.8 
729 
9.6 
205 
0.0 
0.0 
0.0 
2-5 


0. 


AIR QUALITY BUREAU HELENA, 


0.0 
0.0 
0.0 
32 
31. 


0.5 
2.8 
2-3 
302 
1.1 
0.5 
0.0 
0.0 
0.0 
0.0 
502 
78. 


WNW 


0.0 
207 
2-8 
5el 
1.6 
O.7 
0.0 
0.0 
0.0 
0.0 
5.8 
966 


NW 


6-5 
80. 


MONTANA 


MONTANA 
NNW TOTAL 
0.3 326 
1.9 20.8 
1.6 30.8 
1.9 3302 
0.8 6-6 
0.4 207 
0.0 0.0 
*0-0 0.0 
0.0 0.0 
0.0 203 
5-3 
51. 144. 


MONTANA STATE DEPARTMENT 


CITY: GLASGOW 
PARAMETER: 
DIR N 
SPEED 
G.1>"1.5 O 
1L.e6- 30 2 
Je1— 560 2 
5e1- 820 l 
8.1-10.0 ) 
1021-1420 e) 
14.-1-18.0 0 
13.1-22.0 ¢) 
OVER 22.20 0 
CALM 2 
AV SPEED 3 
NOe HOURS 71 


WIND ROSE 
NNE N 
8 0.5 
ee) bok 
23 60-8 
«6 O2V 
0 023 
2-0 0.0 
20 020 
0 0.0 
eQ O20 
2? 0.0 
04 365 
e 2056 3 


OF 


IB 


220 
224 
0.5 
Oeol 
0.0 
0.0 
0.0 
0.0 
020 
308 
Qe 


MONTANA STATE DEPARTMENT OF 
CITY: GLASGOW 
PARAMETER: WIND ROSE 
DIR N NNE NE 
SPEED 
Oei= Ls5 0.4 Ol e 
1.6- 3-0 2-2 1.0 ° 
3-1- 520 2a eh 2.06 
5el- 8.0 O03 Ool O64 
8.1-10.0 0-1 0.0 0.3 
10.1-14.0 0-0 0.0 0.0 
14.1-18.0 0.0 0.0 0.90 
18.1-22.0. 0.0 0.0 0.0 
OVER 22.0 0-0 0.0 OU.0 
CALM 3-1 0-0 0.0 
AV SPEED 205 304% 4e2 
NO. HOURS 6 Le! WET et (BS. 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY: NWS 
UNITS: PERCENT 

ENE E ESE: SE 
Oo3 Vs2O Doel Ook 
Oo8 lel Leh 106 
Be2 Tel 402 126 
Od Lel 202 Oot 
0-0 Jel O43 OD 
O20 Ved DD 0-0 
0.0 0-0 O20 0.0 
0.0 U.0 0-0 90.20 
0-0 VeO O20 0-9 
GeQ 0-0 0-0 020 
BoD 4263 427 326 
34. 10. 58. 28-2 


DATES 
SsE § 
Ved Ool 
Vo 266 
Leo2 O25 
Vel O25 
UVeO 063 
U.O0 O.0 
veO0 0.0 
00.0 0.0 
Ve0 0.0 
Ue0 020 
402 3.26 
192 30.6 


AUGU 1977 
SSW SW 
Ost 0.4 
Pei 029 
0.5 0.5 
0.0 0.3 
0.0 0.6 
026 0.6 
0.0°) 0.0 
020°: 0.0 
0.0 020 
0.0 0.0 
Cap Ras a 
emai 1 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY: NWS 
UNITS: PERCENT 

ENE. & ESE SE 
0.0 O« Ol O11 

° ° 1-8 1-8 

Selb Wy Gia8s i803, 2ei2 
0.6 426 764 Ool 
Ool 169 2064 O64 
0-0 020 Q-f 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0-0 O.0 
0-0 Ue0 Q-e0 0-0 
0-0 0-0 0.0 Q.0 
403 5.23 5ef 3.9 

33-2 109. 149.2 34. 


AIR QUALITY BUREAU HELENA, MONTANA. 


DATE: SEPT 1977 
SSE. S SSW SW 
Ve% 0.3 
de) eS) ele 4 
ie1 0.8 O14 1.1 
Je% Ool O-1 0.0 
Vel 0.0 0.0 0.0 
UeO 02.0 0-0 0.0 
veO0 0-0 0-0 0.9 
v0 90.0 0-0 G-0 
JeO 02.0 0-0 0-20 
ve0 0-0 0.0 Q.0 
Sh 360) 209 351 
236) 2 Ver, al Sen 20S 


AIR QUALITY BUREAU HELENA, MONTANA 


0.0 
0.0 
0.0 
0.0 
0.0 
29 
21. 


WSW 


Ww 


0.3 
4.0 
2e7 
1.9 
Ool 
Ool 
0.0 
0.0 
0-0 
0.0 
4e1 
68. 


0.7 
2-8 
1.4 
1.1 
0.3 
0.0 
0.0 
Q.0 
0.0 
0.0 
3.8 


WNW NW 
1-2 028 
Ze2 226 
304 420 
326 27 
G-5 0.8 
0.7 0-0 
0-0 0-0 
0.0 90.0 
0-0 0.0 
0-0 0-0 
40.9 426 

94. Ble 


WNW NW 
Q-6 Ol 
Le9 254 
Ses ile9 
1.8 264 
0-7 0.6 
0.0 Ol 
0.0 0.0 
0.0 0.0 
0-0 O.0 
0-0 0.0 
4-6 429 

60. 54.6 


NN® 


0.5 
304 
226 
2ef 
1.3 
0.4 
Ol 
0-0 
0.0 
0.0 
5el 
826 


TOT AL 


63 
2922 
38.0 
18.5 

3.9 

1e2 

0.1 

0.0 

0.0 

2e7 


144.6 


oe SS ee ee 


MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES ATR QUALITY BUREAU HELENA, MONTANA 
City: GLASGOW AGENCY: NWS 


PARAMETER: WIND ROSE UNITS: PERCENT DATE: OCT 1977 
DIR N NNE NE ENE “e ESE’ SE SSIES *S SSW Sw WSw WwW WNW NW NNW TOTAL 
SPEED 
Oo1l- 125 03:0" O63 Ose" 050% “Oise Lis O33" Oe Or” Ved) 007 0605 000) 1009) 5 O05. (005) 9003), 063 406 
1.6- 3.0 Bets Ore ta DeiBry Oe9! O05 52 2.02% Oe'Br Leds) O06 Ds i Lye'5o $ le Gi Lie 60) Bie dy, U Ze Oi 2ieM, (202 23.9 
3-1— 5.0 Os TY Oishi Oe 5 O69 403° 9B [oS Le 3s Lek O08) LeQ:  Le 5)  QeF.) 204, 200) Led 34.9 
5-1- 8.0 Oey OS ON Oe ai 058) 2049" LeOr | Le Gk beds O05 003-0552 5 1edu Le 9 202. O2002:. 5106 2401 
8.1-10.0 0.0 04.0 VU-3 Ool O45 1.7 O11 UVLO O10 0.0 O50 OL 1-1 O18 1263 0-0 602 
10.1-14.0 05.05 0% OF" 0.0) 060% \ OO) Oe 3" 05.04 Die) 'O2'OW O2:0);\' Die Oo. Die. Ou (O04, 0 Leds, i) Lie:9', 1020 326 
14.-1-18.0 0-0 0-0 0-0 0.0 0.0 0.0 0.0 Yve-O 0-0 0.0 060 0.0 0.0 O20 0-0 0.20 0.0 
18.1-22.0 0-0 0020 0.0 0-0 0-0 0.0 0.0 JeO0 0-0 0.0 020 0-0 0.0 0.0 0.0 0.20 0.0 
QVER 22.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 02.0 0.0 6.0 0-0 0.0 0.0 
CALM 2e7 0.0 0.0 0-0 0.0 0.0 06.0 VeO O60 0.0 0.0 0-0 0.0 O20 O40 0.0 2el 
AV SPEED 202 203 4060 405 560 5503 4eT 403 Bel 363 368 Bel 4eT Set 6504 403 
NO. HOURS 39. Bis WES  21e “S92 15s 406° 29. 29. 19. 30. 39%, T2s (67. (56 42 744.6 
MUNTA«- .tATe DEPARTMENT GF FEALTA AND ENVIRONMENTAL SCIENCES AIK QUALITY BUREAU HELENAsg MONTANA 
C1TY- stAsoOw AvcNLYs NWS 
ParA\vte dre 3 WENO Rust UNi tos PERCENT DATEs NOV 1977 
Vin N NNt& We ENEMY We ES‘ EQNS E SS.E\1, 7S SSw = SW wSWw ow WNW NW NNW TOTAL 
(dra rat) 
Ue. 5) VeSBy Vis 1 Visik Ves. 6 Olek F004 = Oe 20s 4) O83 4 Oey O60 , OeSin Cad 2 Cai4), Lely 004 526 
Mein ny 90 Oat aL eel Pi Gerd porderG) MeL oS 2 ll wiUie38: yO i lei O etl oS Wid oS Get i 2eG ee 2 ee! 27.l1 
vel eye) Cee EMO ee MO my tk be 0 wy Sua) 4G) nok ers Orel, uid wyliiOw: WU Wile l ye2eG vdeo (ase) Ye hST 2623 
Dei) 2.0 Sut Oss aqmo arc Uruk, Mere te Gen Cent Ue Oi lis) W703 1 0n4 COL a sel 2el yale ls SS 225 
Ce ae Ley OSS cn OAV) Ue Of OleiO) Le) Oss Oh | OOOO iO od ii Ook Lie ei leS) ey le Se Be 0 9.0 
t. Licsrencs VOM TO mOM Usd) VeiO OSS) Oe00) VsOU Oa Oeil KORO KOSOVO S8 (O68 Oe Tt i 1006 303 
3 TH Suey OeU VleD Ue Je O SJisiGity OO) (Oa OA) WiO>) 10s,0) F001 00! H0G') 5003) OG (| AOe L100 1.0 
PSel=—2ecu VO Oh aO Or ay Ol) e075 O10!) V0.0) 2 UO) O's) 0) 450'50)* FOS 01110 510745 055,0's, 050 (0's. 0) 4.060) 0.0 
UNIER 22 6 u VO ied eae) + Os Je0 Oe0 O20 YeO OC 0-0 OO 050) p00 yyOeO) (05:0) 406:0 0.0 
| CAL 4 Sevens O) MR OleO GM's} O) 7 40)e0) yo Oei0)) Oe 0) UO 1004 \Oe0) WOs0) BeOS 0) 05,0) 05,0 4) :05:0 14402 0 5el1 
pay SPecu Got Oe MC ete SiG 4eO Deh S39 Diet W369 "400 Kes O"Se3) (562, 559 4563) Wee 


JNU. Wor o alte Wee Oren Ss volts) LUE 6) 3:46 Los) 3S3e) PSs he "266 199s 8s) 86s DD% 719.62 


MONTANA STATE DEPARTMENT OF 
CITY: GLASGOW 

PARAMETER: WIND ROSE 

DIR N NNE NE 
SPEED 

O.1-— 1.5 0e3 O20 Ve3 
16-330 Ze 2Ole3% Oe 
3a 1l—- 5.70 be2 O83: Ue 
5e1l- 8.6 0.0 U0 044 
8.1-10.0 0.0 Q.i 090.20 
10.-1-14.VU 0.0 VeV 0020 
14.1-18.0 0.0 0.0. 0.0 
138-22). 0 0.0 9.0 J.0 
OVER 22.vU 0-0 OO JU 
CALM 404 0-0 0.0 
AV SPEED Li9v (464% 404 
NO. HOURS 64-6 5 Te. 


MONTANA STATt DEPARTMENT UF 


CL1TiyY: GLASGOw 
PARAMETERS a#lLNOU KUSE 
DIR iN NNE NE 
SPEED 

Odi" aes} Vet DD D04 

1.6- 3.0 1.6 Ue4 O28 

Srat— 5:5 0 Ose Die O Lae 
Dis, L= “8740 O04 - O80" O80 
821-10.0 UeV Ue V02V 
10.1-14.0 Visine Oi 
14.1-18.0 Ved: Os0 U0 
18.21-22.0 O20 Us: 0:0 
OVER 22.0 Oe-V JoVU Ved 
CALM 6e0 O40 VUeV 
AV SPEED Zetle 20i> 2.38 
NO. HOURS ZL [re be 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY: NWS 
UNITS: PERCENT 
ENBG OE ESE SE 
e Ve Q20 023 
Ps i chr Anes ° 0.8 
Leh 2a€, 2010" "1 08:8 
Lek Gd0i2 i) Bel 5 Oars 
0.0 O49 4-7 Ol 
009. O65. 203 1:020 
0-0 0-60 O60 0-0 
0-0 020 O00 O20 
Os}08, 0s 0h.) O00) O50 
OeV VeO DeD O.0 
424 5.4 7.64 4.0 
24 Te. 140. 18. 
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DATE: 
SSE eS 
Bel. On3 
025 25 
Jed 0.0 
veM 0.0 
JeO OC 
veO O40 
Ue0 O24G 
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SSW Sw 
0-0 Ue7 
0.3 0.8 
Or 3 2 Orerd 
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0.0 UoU 
0O.U 0-0 
304 222 
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LNVIRONMENTAL SCIENCES 


AGENCY: NwS 
UNITS: PERCENT 
ENE E BSE SSE 
Oe 4? OOO EeT Ore: O 
Vet 20d 16. 13:6 
O20) 34> Beds O56 
Oot 404 10-1 O44 
O04 sors. CoO 
OeO O24. 264 05:0 
O20 De0- CO) OO 
Oe 0) OO "C304. (O50 
YUsOre OO OOM OO 
OeOe OFI00” CeO" O70 
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Sia ORS Ze! © il Gre Te 
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SSE= aS 
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C20 050 
0.0 (Q.0 
0.0 20 
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Seip sCw Gia. Go. Ci sie sis At 
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iss) 


NW 


HELENA, 
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MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
CITY: GLASGOW AGENCY: NWS 
PARAMETER: WIND ROSE UNITS: PERCENT DATE: FEB 1978 
DIR N NNE NE ENE" E ESE?) SE SSEUK'S SSW SW WSW OW WNW NW NNW TOT AL 
SPEED 
O-l- 1.5 163 Jo% 0.% O.9 0.9 04 00 0.4 90.290 e 04 Lee Tee 
1-6- 3.0 0.4 9 029 e 0.9 1.23 ° 0. ° 0-0 0.9 1-28 e ° 3el 21.0 
3-1- 5.0 1,3 0644 0.0 O09 3-1 52-8 0.0 0-0 0.0 0.0 0.0 0.0 0.4 0.9 5.4 0.9 19.2 
5el- 8.0 0.0 O60 Q-0 O.9 2-f Tel O.4 O-0 O20 0.0 0.0 0-0 0.0 0.9 2.2 0.9 15.2 
8.1-10-0 0.0 0-0 0-0 0.0 3.21 2-7 0.0 0.0 0.0 020 0.0 0-0 0.0 0.4 2.2 0-0 8.5 
10.1-14.0 O-+ 0-0 O20 O.0 O29 15.2 02.0 O60 O60 06.0 060 O00 O10 O64 O4% 064 17.9 
14.1-18.0 0-0 0-0 0-0 0-0 0.0 2-7 0.0 0-0 O20 0.0 0.0 0.0 0-0 0-0 0.0 0.0 207 
18.1-22.0 0-0 0-0 0-0 0.0 0-0 0.0 0-0 O-0 O-0 0.0 0-0 0.0 0.0 0-0 0.0 0.0 0.0 
OVER 22.0 0-0 0-0 0-0 0-0 O60 0.0 0.0 0.0 0-0 0.0 0-0 0-0 0-0 0.0 90.0 0.0 0.0 
CALM 8.0 0.90 0.0 0.0 0-0 0.0 0.0 0.0 0-0 0.0 0-0 0.0 0-0 0.0 0.0 0.0 8.0 
AV SPEED Ae 2o iM Aie Sele Sis SeGh Olea, FeO) Bel) 23 . Lei Zed O00 P22 1 204) Se2" 560.) (305 
NO. HOURS 262 4» 2. Be 260 80. 36 36 20 36 O-~ 36 Bie LOe, i BB V6 224. 
MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
City: GLASGOW AGENCY: NWS 
PARAMETER: WIND ROSE UNITS: PERCENT DATE: MAR 1978 
DIR N NNE NE ENE E ESE SE SSE S SSW = SW wWSW WwW WNW NW NNW TOTAL 
SPEED 
Oet> 1.5 0.8 0-0 0.0 Q68 0.0 O.8 O-.0 O08 O64 0-8 Oc% 04 Le2 629 
1.6- 3.0 2-0 le2 ° 1.6 2.20 ° 1.2 ° 3e2 06% 024 e e 4.8 2-0 2.20 3325 
3.-1- 5.0 1e2 060 1266 2.0 4.0 73 166 O20 O64 QeO 064 162 2060 CoB 424 1.26 2826 
5el- 8.0 Oo% O00 Oo&F O68 326 825 126 02.0 O60 060 0.0 0.0 0-4 le€& 126 0-8 19.8 
8.-1-10.0 0-0 060 0-0 0-0 0-0 2-0 0-0 020 060 O60 O00 0-0 V-0 O64 1Le2 O40 326 
10.1-14.0 0-0 0260 0-0 0.0 O60 O64 O.0 O-0 0-0 06-0 0-0 0-0 0.0 0.4 0.8 0.0 1.6 
14.1-18.0 0-0 0.0 0-0 0.0 0.0 0-0 90-0 0-0 0.0 0.0 0-0 02-0 0-0 Q-0 0-0 0-0 0.0 
18.1-22.0 060 020 060 O60 OeO0 O60 0-0 0-0 060 02-0 O60 020 060 0.0 060 020 0.0 
OVER 22.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-0 0-0 0.0 0-0 0-0 O.0 0-0 0.0 0.0 
CALM 6-0 020 0-0 0.0 0-0 0.0 O.0 0-0 020 060 O20 0-0 0.0 0.0 O.0 0.0 6.0 
AV SPEED 20) (2.54) 365) 309) 409 Sel) (4.5) 2.0) (266 | Le 8 2e3 (360. 320 369 Sa2 3.23 
NO. HOURS 266 Ge lle lle 24-2 592 Ile 36 9o 360 3 6e Ite 21e 266 14. 248. 


MONTANA STATE DEPARTMENT OF 
CITY: SLASGUW 
PARAMETER: WIND RUSE 
OIR N NNE NE 
SPEED 
Osl=—b5 Ue Oe UeV 
1.6- 3.0 Oe Use 0.20 
Zel= 530 UeQ Vee 163 
Swl=" 86:0 bee «060° 004 
8.1-10.0 VeS VoD VeD 
1021-14.0 Oe0 Dev Ved 
14.1-18.0 OoU OeV VeD 
18.1-22.9 VeJ Jeov 0029 
OVER 22.0 JeD Vev 0.20 
CALM Ved VUeV Ve 
AV SPEED 4eF 420 423 
NOs HOURS Qe l. 4 o 


HEALTH AND ENVIRONMENTAL SCIENCES 


AGENCY: NWS 

UNITSS PERCENT 

ENE! “Ee ESE WeSiE 
O60 °° Os:0)) (Oe Oe 050 
OSS! (LS 20. Vi i Os 'O 
lel S04 Dis8 06.8 
Osa FeIP LOCO 2 
OeG 426 Geb 004 
Ge O28" 303" -Oe4 
0-0 UVeO VeD 0-0 
OeU YVeO Cod O-C 
0-0 O60 CoO O66 
02.0 020 O40 0.20 
BoD Greif. eet VOeo 
te 482 6954 10. 


DATE: APR 1978 
SSE SSW = SW 
C.0 04-0 0.0 0.4 
CoB Oo&% O40 O64 
0.4 O.0 O.0 U.O 
0.8 O.4 0.0 0.0 
0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 
0-0 0.0 0.0 0-0 
O20. GeO), O..0) 0.0 
0.0 C.0 0.0 O-.0 
CoO O60 C-0 OC 
403° | He 3: B00) 0/1 6.8 
5 2 Oe Ze 


MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES 


CITY: GLASGOW 
PARAMETER? WIND ROSE 
DIR N NNE NE 
SPEED 

O.1- 1.5 BO" (0400-0 

L.6- 3.0 is 21 Os Gees O 
3e1- 5.0 346. WeG. Oe4 

5.1- 8.0 352) O68. Lee 
8.1-10.0 OVS uelanes 
1021-1420 Oc0 yw Oey, 250 
14-1-18.0 OHO & 00%, 0.0 
LBaI-22.0 050i 0108 040 
OVER 22.0 GEO. “OOF 0.0 
CALM 2ho Meals or HOsO 
AV SPEED a6 a2” Tat 
NO. HOURS Py as a 


AGENCY: NWS 

UNITS: PERCENT 

ENE °& ESE SE 
0.0 -O0 ©€.0 0.90 
1.2 ° 264 bed 
00.4 20e60 4268 126 
05.4 1Le6 404 228 
0.0 0.8 0.0 0.0 
02.0 O20 CeO 0-0 
0-0 0.0 0.0 0.0 
0-0 0-0 0.0 020 
0.0 0.0 C.0 0.0 
0-0 0.9 Q-0 0-0 
4.0 5.f 4.9 5.0 
De eel VAI ie Vlas 


DATE: 
SSE %S 
0.8 O.-C 
0.8 28 
1-6 1.6 
228 220 
0.4 O% 
0.90 6.0 
0.0 0.0 
02-0 0-0 
0-0 0.0 
0-0 0-0 
5-0 422 
16. 17. 


MAY 1978 

SSW SW 
0-0 0.4 
0.0 322 
1.2 O24 
Ooe% O.0 
0.0 0.0 
0.0 0.0 
0-0 0-0 
0-0 OC 
O00 O-0 
0.0 Q.0 
4e0) 2s 

4. 10.2 


® e 
- © 


GO: O16 "oo" = O86 
° 
©0000 £ w& 


AIR QUALITY BUREAU HELENA, 


1.6 
0.8 
1.6 
0.4 
0.4 
0.0 
G.0 
0.0 
0-0 
505 
12. 


1.2 
2-0 
1.6 
224 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.9 
18. 


ATR QUALITY BUREAU 


WNW 


° 
Or 1@. 1@ el Fess 0 GO Ue Oo} 


C20 
C.0 
C.0 
0.0 
52S 
14. 


NW 


0.0 
0.0 
0.0 
0.0 
ireS 
18. 


HELENA, 
Nw NNW 
Oe-G 0.0 
Ves O84 
Vos Oe8 
368 0.28 
Pe3 O54 
1.7 Q.0 
0.4 0.0 
024 0.20 
6.G 0.0 
0-0 0.90 
Bs % Sis3 
24. 6. 


NNW 


3.2 
224 
0.4% 
0.0 
0.0 
0.0 
0.0 
0.0 
4.8 
20. 


MONTAN 


TOTAL 


0.8 
8.7 
2462 
34.2 | 
20.0 7 
9.2] 
1.7 f 
0.4 
C.0 
C28” 


24Ce 


MONT/A 


" 


INTAKE STETE LEPARTMEAT OF HEALTH ANC EAVIRCNMENTAL SCIENCES AIR OLALITY ELREAU KELENA, MCATANA 
|11y: CLASCCH BEENCY: AWS 

WAkAwETER? «= WENC RUSE LNITS: PERCENT DATE: JUN 1¢76 
eeic «= NONE NE ENE E ESE SE SSE S SSW SR WSW WK RAW NW ORRW TOTAL 
) SPEEL 
M.I- 1.5 Gr N04 0.00.8) O10 (Cs8) G.C C20 C64 C.4 Ooh O04! Oa “Che: Osc 1127 6.3 
.6- 3.C OWN OSG lg ool es) less bed) aes Pet S26, S20. Boe "aoa “zh “ala! | * aac, 
jee B.C Oh GG 0240024) 3.4 Rye) ase. S28) Gea. Gob 123 “hee: S08)" ee ale) ola seca 
Mei- &.C Gee 06411 0.40,8 6.6) tes) So“ VeT ed Ore Cle Oe 1 30e Tey Ole. tea Lets 
Jal-1¢.c O50) W054. Osaniatsa (sl) €50Cs4 CSO Cee, C20 O20, O20 G24" Gl4 “6.0 ote 2.6 
).1-14.€ G0:0-4) GeO GeO) 0-0. Us0 Cot) GeO eG CSO 620." G26 "O30 “t.4 ese” O20 1.7 
ae 620700 0.0) 6.0) 6.0) 80 CC C20, C20 026" 026,020 “6:6 “Gs0 626 oo C.0 
).1-22.C Q:0/(020 0.0 620), 0-0. 0.0 0-6 6.0 C20) 020 056.050 6st ' 0.6 “ Os0: 0.0 C.0 
IER 22.0 @-01'0-0 0-0) G-d) 0.601 6.0 C26 CLC G10 te aio “ele “ele "ese" ore C.0 
| SPEEL COO ae Get G4 dice 2.9, 423° 400) 1368" S65. 2.9 362-424 “Aha “le “aha 

IL 3.0 

« HCURS Ss se Net al 4a Tee Vda dbs, Se Mie 192" 23525. Pte Pee Ra. 
INTANA STATE DEPARIMENT UF HEALTH AND ENVIRCNMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
ITY: GLASGOn AGENCY: NWS 

PARAMETER: = alu RUSE UNITS? PERCENT DATE: JUL 1978 

Mie) WANE ONE TENE FE ESE SSE 'SSE)S <SSWy.SW ..WSW. W | kNW NW NNW) TOTAL 

| SP Et 

. ia BV WOO ONO TOO GLO © 02.0540. 0.4440. 0410.08 0.4006 WC.0.UC. 8.0.0 2<1 
- Ae ES Me Oke Mew il 20. Pet Ge4 i O04 3.7L M4 oD Wael 0367 yhbeb (32iek 
i 5. Ui iL ees Lak i ow GleNn LT ONb OL Bh a. Slo. e 13. 310S. 943.3 yliS09' 01 35—b 
m- 2.0 Pegler OOM CLO OOM ater Neen CEM V2.0. OM OCH Cea 2 Shh2 Py C2 PillGed An 2Ce2 
>: Ee PeeMe is WOR ON MG ico PuGeoNN, C. CGY 0-09) 0.0% 0.16 050¥H0.8.41 2.14 /0.4 060 5.3 
Bie i4.0 Seno SON OO MO or OR ONT G-OM. a. CHC 0% 4G. CHG. OnF O.0%110.07 10-4776. 0: 10-4410.0 C.8 
hel- 18.0 ONO e100 WOON as CM CLONCHC CON C04) 0.049. G. 04! 0.040.0.0C.0. 10.0,1'0.0 6.0 
B22. 3 Bau OO: 07100 eOl 40/07), 0> OFF, 0.0"! 0)..0), 0.0" 00" 10.071 0.01 6.09110 ..10,01'0.60 C.0 
VER 22.9 eyo Oro yO. Onn OlNc ONO ONC 0c. ON)" O.'CrR 0. Or CoCr 6.01) 6.0 O00 § “UH0e0 
V SPELD ae APIA 6 My se ua Sihe 4s 814996455) 4.34, 301i .3.1 44.6) Sol) 40295309 

AL™ De 


O. HOURS LO. Uren tliZile Det P2540) VLC. 1C. &. 2), nid. Dele 2te VPS 30. 260 WlhOs 2436 


MONTANA STATE DEPARTMENT OF HEALTE AND ENVIRONMENTAL SCIENCES AIR QUALITY BUREAL HELENA, MOARTANA 


CITY: GLASGUK AGENCY: NWS 
PARAMETER: WIND ROSE UNITS: PERCENT DATE: AUG 1978 
pIR oN  NNE NE ENE. E ESE wSE SSE Siu SSWoSMio WSW we WNW) NW) NA eo feean 
SPEED 
Ne ee ea <0.) 080 (Ox OO O40 CSO” LOMO IOL4 Osos O40 0b4 Ole O86 aCeo One ome 2.3 
6-30 Sei Ve2s OB) OcOs” BLO) 20, Ine OcG Ost aes) lee lee! Sea) se) 4) 2 ie aemeReS 
aot 550 Ibi Ole: eD leh” G25 Cee) Leen Gee G1 O Lee) Gal 419) asi. ocgee eer 
Sule Ste0 ez OO Oe Os0! O58! 425 9 Ge8 C00 Ochs O10 dee O.4 | Dea Ges 303735 37) mE 
8.1-10.0 9.9 D.0 G0, G4 Gee CoO GEG Ose WG GL G) cae cea oes 2.8 
10.1-14.0 G60: “On 0P Os 0 O50 “OLE cea Gee lO, Cw 0s0 Osc) O14 UGC 10.4) coe ocd ine 
(ecr-16.6 G0 O66 0.0 O26 6.4 GG. G0) 0-0 O20 0.0 "O.0. Ose C20 O20, O50 C.4 
18.1-22.0 0.0 0.0 G0) One Ose O50 G.0 0.05 O10 €.0 0.0 * 0.0 220 
OVER 22.0 60) Gia, Usd, 820 O60. 6.0 Ono 0.0 D0 0.0 9660 0.0 Cal O60 00 C20 
AV SPEED ids diet” Gia ee OAS Bur ake 2s bee 8, 46S SOO aed © eoar acer ase 
CALM 2.0 
Ne HOURS, “age. Sa" ed 958s. “Gal Bae “ae lee es ge eos 26. ose oi ene 
MONTANA STATE DEPARTMENT OF HEALTH ANG EAVIRCNMENTAL SCIENCES ALR QUALITY BUREAU HELENA, MONTAN 
CITY: GLASGOK AGENCY: NWS | 
PARAMETER: WIND ROSE UNITS: PERCENT DATE: SEP 1978 
DIR N° NNE°“\NE° ENE E° ESE. SE ©SSE.°S'- SSW.-SW WSW oh WNW NW NNW ROeN 
SPEED 
Gt das 0.0 0:4 0.0.0.0 0.4. 0.0 058 0200.9) Gs6 039) O20) O50) Coc aac) s050 3.9 
17628340 069 1040009 /4020,.054° :2el yore 4on 107 266 056° 157" 2e7” tee” 127 | aoe 
3-1-2520 1637405922000 .0s9. 654 Rea 1 4s3 what cain Oa 1a Ler So0" 2e6 ley - 36-5 
SJ1-"820 04/5004) 4 0098168 Wher 0954 bled O69 123" 060% C20 7 163 Zar 453 206) Dan 
8-1-1020 Oe Gy 0 69 26 O26 4, 029% Cla) O64 040 «020 OLG Goeru0s0" O24) C<5 0.0  1O.aem 
L0s1-14.0 04100 .04.7) 1071064 5 O90" CxO Oa. Os0° VOLO. Oso OFONOLOe lat) le) oso one 6.0} 
14.1-18.0 00:0 (40610: 004. 029, ),060'\)'020') 060"! O50 1020) O40 2 Oso!’ Oso.” O20 0-0 O.0” G0 1.3f 
18.1-22.0 00. 2020... 080:, 0005) 020: 050 102,001, 2040.10)" Os O40" O01" Gao) asd © 04077080 0.0. 
OVER 22.0 0.01) 10 0, 040) O60. 1,000: 020,000 wole HoOsc ocoe oso oso C20 C20 OLoMmOnG C.0 
AV SPEED 5.8 609,494), 9627S 191 49 Soot) lad) Jeers oe ene 4cii Go2- 6.4 682 @ ASE 
CALM 7.0 


NG. HOURS 8. T- 15.2 Ge. 236° She 15s 8. 14. 8. 6e Lie 220 24 206 126 233. 


TANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
Ty: GLASGOW AGENCY: NWS 
RAMETERS AIND ROSE UNITS: PERCENT DATE: OCT 1978 

DIR N NNE NE ENE €E ESE SE SSE § SSW SW  WSW W WNW NW NNW TOTAL 
2EED 
fa 1.5 Qua Os On YONG (Oe0! 0.0) 060 Os4, Os 064 “020. "024. “O80. ‘C4 “E32 ‘00 5.8 
b= 3.0 Pe2) Ose es O68 Oca 363. TSS UST. 229, O58 123 219 5. BELT 
i- 5.0 0.8 O00! (CLO Per 42) Per eet OSs. Vero es 3.3 30.8 
1- 8.0 O46. .0'20' O20 O80 O40. 326. O58 0.8 0.0 ; 5 MIST d 17.9 
1-10.0 O24 O40 DSO, O20 Os0, 920 O20. Os O20 "OSC “O20, “OL4 *3.'8 : 8.3 
1-14.0 O40 O40) O60 080, 020 O£0. Of0'. O60 020. 060 O20 0.60 026 “064 4.2 0 5.0 
1-18.0 0.0 ds0" 020 2050 O60 020 0.0 070 O20 "O20 “0.0. 020 “O24 ~“O.0 “020 0.4 
1-22.0 Ox! OO. O20 O20 -0.0'. 050 060 G20 “030 ~€.0 “0.0 ‘0.10 “0.0.0.0 “0.0° 0°90 0.0 
eee? «0 0.0 030! O60 O60. 060' OF0 O20: 020. 00. 0-0 0.0 “OC “O20 0.0 
SPEED Bah ateOh) 2a 23) Bak 6S GEO Bek BSD PEO BSS, Beh 404. 6. -bs5. 457 
4 8.0 
HOURS TO Or Song ee Se Phe DOs, Nee | 2000 Se.) Te, “Ba, wo 250. Bie “S36, 226 240. 
TANA STATE DEPARTMENT OF HEALTH ANC EAVIRCNMENTAL SCIENCES AIR QUALITY BUREAU HELENA, MONTANA 
TY: GLASGCW ACENCY: NWS 
RAMETER? WIND ROSE LNITS: PERCENT CATE: NCV 1978 

DIR N NNE WE ENE E ESE SE) SSE. ''S SSW SW WSK k hNW NW ANA TOTAL 
PEEC 
ey ly. 5 Oeee Osa OL ON “Gh9e O79) C20) C24 G4, Cid Cody Os S9 Cel, (Cs0, (OES, 04 5.8 
6- 3.C Dede OmO) lee COS) GisOy “AieO Ce An Ze2) 7Oe4y  CeSn Oe Ee, Biely leOy Buby, 2ig2 31.8 
Te 5is.0 Bin Oe 4. CeOi! Sich Vbre3n CeSy. CeO) Coli’ CsG) Ce Pee Vie hy Iyedy / led 2407 
l- 6.0 321 Ove 9 GOs ObeGy Erody Gedy GeO, Gad, Cs 4 S On aisha Ae en) G9) Zev. 26.0 
I-1C..0 OeSe O69 O44: O.Oy OreOh Zot) Os Sy GeOs O.0)' OeO, Oj LO Cian MieGn lies. O04 504 
11-14.0 ORO O94 00) CeOp /OreO) CuO) Cry GeO, Ca Cy CeO GeO), Ged, CeOn CoO, O00 1.3 
1-18.0 On OW OM Oy | Oe'O4 Or .0n' Or Ov Ce Oh C40) Ge. Oy Ce Oy O00 CeO) Ce4u CeO Oi.0 0.4 
1-22.0 On0n nO On0y OnOg) (C20) Os,0+ GeGs, Cs.0, CC Gath CoG O20) O..0 0.4 
R 22.0 Uw O~Oe Ons O60 O60; CiOy Ge Ge CoC) Ch0; O20 Oe CeiCn “CisOe  Os0). O..0 C.0 
SPEED Geom sal si Sumi OL Sag Sai GS) dS BoB i4a5) “Dad Bad Sed Cal SiR 47 
v 17.0 
| HOURS ZA Oemmnme eMC Gren ti an Carer ayiree hGe i eiee Sia aes Ben De 19 2Es, és Ihe 222. 


MONTANA STATE DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCTENCES AIR QUALITY BUREAU HELENA, MONTANA 


CITY: GLASGOW AGENCY: NWS 
PARAMETER: | WIND ROSE UNITS! PERCENT DATE: CEC 1978 | 
DIR oN NNE NE ENE E ESEWUSE WISSER'S SSH SW WSW OW 0 WNW ON NNW TOTAL 
SPEED | 
Nel es <3 Oa0 “0.0 00. 0.9; 0.010. 0" 040 Que Noa) Os00 Coon mes “4 6.00N 
ies s.c0 Tso 4OA4 O40 plese bas! ules, Genes cee Ona ee3 a7) ae 0 21.7 
Helo 4S 40 pee Oise: OD  pOS4, soe GAOT pOs0) 2050 O50) (04411069 28 3 27-20 
Ss 1= a8 a0 0e4 (040 p0ue “O64 ps3 Ge4 2000 (0500 O60" OG) (ONO. 650% 468 -l 240mm 
S.1-ho<0 O20 020 \O0 40s9 4Oue ONO “Guo G60) C0 ocoN\ One. 000 lot 3s ; 9.4 I 
10% 1-2400 O30. W080. LONG) 4040) wl ed 020° 060 0. 50,020 6.9 20 6.7 | 
LAs 1-1650 Oe OO)! 040 1050 100 0.0) 00 050 0.01 0.00 O60 O50 10.4 0.00 950 0.4 Fi 
181-2250 060 AORO 3050 2020 0150 610) 040: 020. 010. GeO 0.00 CeO 0.0. 0cO, 20K 0.0 } 
OVFR 22.0 020 04,0" 040: ROSO. WGe0 , 050) 040 16.0 0010.0 O20 G20) 00), O10.) O- : 0.90 
AV SPEED 258° 3e8 shad Sel 5055. 529 C2L9 a0 Ie5uy one 365). See eet ues 0) Ie olmeaes 
CALM 1246 
NO. HOURS Bi Dig UB ig ENTE 120% OBES” Gas “hea 12e.5 9 oe eae eae 9a ewan alia 2354 | 
| 
| 
MUNTANA STATE DEPARTMENT OF HEALTH ANO ENVIRCNMENTAL SCIENCES AIR QUALITY BUREAU HELENAy wil 
CITY: GLASGCW AGENCY: NWS : 
PARAMETER: WIND RGSE UNITS: PERCEAT DATE: JAK 1979 | 
DIR . N WNE NE ENE E ESE (SE? ‘SSE’ "S SSW SW WSK W  WAK NW NNR TOTAL | 
SPEED | 
Gel des 0e4 O20 Deh O00 O44 Cee Gos O69 (060 Ge9 GLS Ose 2.7 Coa) 6.9" 00972 noe | 
be6= 300 534° O29 2sB” 123° 202" 222° cig! Ose Oso O86 126° aa”. Sue Si4t eta” Stee meee 
3.1- 5.C 0:9 024° 0-4 020° 237° 663. 060’ GLO’ O10 OG ‘Ole’ Oso ai! Dial eco? 2eah) ae 
Bele ooo 620° 040° 0.0° 050° O84 354° Oh@ CLC’ GcOo “Oc. Gao Ovo (GSS The 45m 267ee Gees 
Be1-10-6 0:4’ 0.0 0.0° 020° 040 222 Glo’ OG 6.0" Oso CLC’ OLo"GL0 152° Dee Gee 5.8 
Led 14. 0:0 uso’ 040° o%0° osG uso O10 Cho 610’ G20 O-G O40 Oe cre oso) ove 0.0 
1401-1840 O20" 030° O20 0.0 O40’ clo" cio coo GbG’ CLO) Oso) OL0° “OS0° ceo! ovo ozo 0.0 | 
18.1-22.0 0:0 020 020 020° O20 Oso’ O40 0.0 0.0 050 G20 0.0) 0.0 Cc.0 O.0° Geo 0.0 | 
OVER 2229 O20" alo” oso o20° O40 clo” OcO Ceol CLO Clo? Cao ONG) OO’ ole ceo! oxo ceo | 
AV SPEED 2062 320° 256° 252° 306) 523° 225) aka? (Ose! ze0! wea avg? oto lye qua aus 
CALM 24.0 


NO e HOURS 16.2 3 be Ze 136 32e 36 36 Oo 36 60 Se 28. 2be 51le 2Tle 224. 


[TANA STATE DEPARTMENT OF HEALTH ANC ENVIRONMENTAL SCIENCES AIR QUALITY @UREAU HELENA, MONTANA 
(TY: GLASGOW AGENCY: NWS 
FRAMETER? WIND ROSE LNITSs PERCENT DATE: FEB 1975 


| ciR oN  NNE NE ENE E€ ESE SE SSE S SSW SW WSW bh  WAw NW NNW TOTAL 
‘PEED 
l- 1.5 Gi5/020) OeG7)CL5 00) 040 0.0 655. 6.0.0.0 0-6 0.9. 0. €.5°. O20. O65 302 
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Morning Monthly Average 

Upper Air Sounding 

Scobey, Montana 

Y = dry adiabatic lapse rate 
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